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From: Hudson Slay

To: Chen, Edward

Cc: Wong, Alec Y; Chang, Daniel H; Lum, Darryl C; Nancy Rumrill; Teruya, Terence \(Terry\); Wendy Wiltse
Subject: RE: Kaanapali Wells

Date: 08/01/2012 02:21 PM

Attachments: brock jan2011.pdf

Hi Ed,

The attached file should be the entire Brock report from January 2011. | believe the
makai well data is on page 19 of the document.

thanks!

Hudson

Ay

" dobe!

Hudson Slay

U.S. Environmental Protection Agency
PICO

300 Ala Moana Blvd-P.O. Box 50003
Honolulu, Hawaii 96850

Phone: (808) 541-2717

"Chen, Edward" ---08/01/2012 09:17:17 AM---Thank you, Dr. Wiltse;

From: "Chen, Edward" <edward.chen@doh.hawaii.gov>

To:  Wendy Wiltse/R9/USEPA/US@EPA, Nancy Rumrill/R9/USEPA/US@EPA,
Cc:  "Chang, Daniel H" <daniel.chang@doh.hawaii.gov>, Hudson
Slay/R9/USEPA/US@EPA, "Wong, Alec Y" <alec.wong@doh.hawaii.gov=>,
"Lum, Darryl C" <darryl.lum@doh.hawaii.gov>, "Teruya, Terence \(Terry\)"
<terence.teruya@doh.hawaii.gov>, "Chen, Edward"
<edward.chen@doh.hawaii.gov>

Date: 08/01/2012 09:17 AM

Subject:  RE: Kaanapali Wells

Thank you, Dr. Wiltse;

Good Morning, Mr. Chang:

As you can see there is no analytical data in the attached Brock’s report from Dr.
Wiltse. Do you, by any chance, have the monitoring data collected from these six (6)
makai wells?

Thanks,
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EXECUTIVE SUMMARY

This report covers the 26" monitoring survey of the status of marine communities and water chemistry
characteristics along a 1 km section of coastline fronting the North Beach, Kaanapali shoreline. This site
is situated along the shoreline north of Kekaa Point (“Black Rock™) and south of Honokowai. It was
formerly used as an airport for small planes and subsequently was used in sugar cultivation as was much
of the surrounding hinterland for the last century. Recently, sugar production ceased and many of the
fields are laying fallow. Besides the Kahekili Beach Park, the Kaanapali, North Beach project site
encompasses four lots totaling about 99 acres; 3.7 acres was developed into Kahekili Beach Park for
public use, SVO Pacific, Inc. has developed two of the four lots (Lot 1, Phase 1, ~14 acres and Phase 2
~11.5 acres) and is proceeding with the development of a third (Lot 3 ~26.7 acres) while at the north end
of the parcel, another entity is developing Lot 4 (~43.2 acres).

In the process of obtaining the 1998 SMA permit for the initial development, concerns were voiced
over whether the development of the North Beach project site would impact nearby marine communities
and the quality of ground and near shore marine waters. This concern resulted in a condition to the 1998
SMA permit requiring the developer to monitor ground and near shore marine water quality from the
commencement of construction until 18 months after completion of construction. Accordingly, the
purpose of the present study is to monitor ground and near shore marine waters and marine communities
to insure that they are not impacted by the ongoing development and if problems are detected, to suggest
positive mitigative actions. Twenty biannual surveys and six surveys following high rainfall events have
been completed: the biannual surveys have been done in February and August 2001, February and
August 2002, February and September 2003, March and August 2004, February and August 2005,
February and August 2006, February and August 2007, February and August 2008, March and August
2009, April and November 2010. The monitoring protocol calls for biannual surveys coupled with
special water quality monitoring following heavy rainfall events (here defined as 4 inches or more in a
24-hour period). On 29 November 2001, a 5.77-inch 24-hour rainfall event was recorded at the project
site rain gauge. Field sampling was carried out in the early morning of 6 December 2001 and a second
event occurred on 5 January 2004 when 15.48 inches of rain was recorded in a 24-hour period at the US
National Weather Service gage at Mahinahina about 3 km from the project site. Field sampling was
carried out in the morning of 9 January 2004. A 11.70-inch rainfall event was recorded on 23-24 March
2006 and sampling was carried out in the early moming of 28 March 2006. On 16 October 2006 a 3-inch
rainfall event was recorded at the project site rain gage. Notification was made on 18 October and
sampling was carried out in the early morning hours of 21 October 2006 and on 2 November a 6-inch
rainfall was again recorded at the project site rain gage. We were notified on 7 November and sampled
early the next morning (8 November 2006). The most recent rainfall event occurred over the 5-7
December 2007 period when a strong frontal system passed through the Hawaiian Islands. The rain gage
on the North Beach project site recorded 12.0 inches over this three-day period and sampling was carried
out on 8 December 2007. Recently the rain gage on the project site is no longer working, thus the
monitoring program is relying on the National Weather Service upland gages at Mahinahina and
Lahainaluna. The project site lies on the coast about 6.4 km from the Lahainaluna gage and 4.3 km from
the Mzhinahina gage. There have been two instances where four or more inches of rainfall in 24 hours
has been recorded at one gage and the second gage recording little or no rainfall. On 4 November 2010
the Mahinahina gage recorded 4,99 inches in 24 hours and the Lahainaluna gage recording 0.0 inches.
The second time this happened was on 13 January 2011 when the Mahinahina gage recorded 4.03 inches
and the Lahainaluna gage showed 0.2 inches in the same 24-hour period. Under these circumstances,
water quality sampling has not been carried out because of the apparent narrow area affected by the
rainfall as evidenced by the differences in readings between these two gages. This document reports on
the results of the most recent biannual dry period survey carried out on 16 November 2010.







The water quality monitoring program monitors the quality of water collected at 21 sites fronting the
North Beach project site as well as at seven sites located 3.2 km south (offshore of Kahoma Stream)
serving as a control. Besides these sites, water samples are collected from six coastal monitoring wells
developed on the North Beach parcel. Marine biological surveys were carried out annually in the
February/March surveys but are now done on every biannual survey commencing with the August 2004
field effort. In both the December 2007 and February 2008 surveys two additional locations were
sampled to serve as additional controls; these were located in the ocean fronting the drain/estuary at
Kekaa Point (Black Rock) south of the North Beach parcel and offshore of Honokowai Stream which is
just north of the North Beach project site. These additional sites were sampled because of the magnitude
of the December 2007 high rainfall event (12 inches) and again in February 2008 to provide comparative
data from a dry or low rainfall period.

Thus far, this study has demonstrated that there are weak gradients in some water quality parameters
that decrease in a seaward direction at all locations fronting the development as well as at the control site.
Parameters involved include nitrate nitrogen, orthophosphate, and silica; oceanic waters are typically low
in these nutrients whereas groundwater and some surface runoff may show considerable elevation in the
concentration of these materials. Measures of conservative water quality parameters (silica and salinity)
suggest that the causal mechanism for these gradients is due to a small amount of groundwater efflux into
the sea at the shoreline which is a common and normal situation. However following heavy rainfall (as
in December 2007), surface runoff serves to mask these small natural inputs.

In the 16 November 2010 survey, the geometric means for nitrate nitrogen, total nitrogen and
chlorophyll-a were out of compliance with State of Hawaii open coastal water quality standards for the
more stringent “dry” conditions at stations fronting the North Beach project site. In the same survey at
the Kahoma control stations, the geometric means for nitrate nitrogen, ammonia nitrogen, total nitrogen,
turbidity and chlorophyll-a did not meet the state standards. Examining compliance and/or the lack of
compliance with state standards over the period of this study at control stations and stations fronting the
development, in total there have been 182 times that a parameter was out of compliance at control and/or
stations fronting the development. Only on five occasions was that parameter out of compliance at
stations fronting North Beach only but on 43 occasions the noncompliance occurred at control stations
only and with the remainder (here 67 occasions) was the noncompliance at both control and North Beach
stations. Where noncompliance occurred at both station groups on a given date, the geometric means
were greater at control stations in 72% of the cases. Over the 26 surveys to date, noncompliance has
occurred at a significantly greater number of times at the control stations relative to stations fronting the
development. The lack of compliance with state water quality standards is not unusual; for example,
ammonia nitrogen has been out of compliance on 37 of 61 surveys carried out over a ecighteen-year
period around the primarily undeveloped coast of Lana’i Island. These data suggest that lack of
compliance with state standards is a coast-wide phenomena and not something related to the development
of the North Beach parcel.

Combining the data from the 26 surveys completed to date and statistically comparing the means of
parameters from sites fronting development to those from the control area found that significant
differences exist for all parameters except for temperature and chlorophyll-a. Where significant
differences exist, the means of all parameters are greater at the conirol stations over stations fronting the
development except for salinity, percent dissolved oxygen and pH where the differences were trivial
from a biological perspective. Examining the water chemistry data for increasing or decreasing trends
through time, finds no obvious upward trend in the means of parameters from stations offshore of North
Beach. However, the recent modifier to this statement is the survey carried out following the 12.0-inch
rainfall event in December 2007 where the December 2007 mean for ammonia nitrogen,
orthophosphorous and turbidity were the highest to date and nitrate nitrogen was second greatest simply







due to the runoff that occurred along the entire Lahaina/Kaanapali coastline at that time. This statement
is supported by the data collected at the Kahoma control stations in December 2007 where the means for
nitrate nitrogen, total nitrogen, orthophosphorous, total phosphorus, silica and turbidity were either the
highest or second highest recorded for any survey carried out to date. Again, the high mean
concentrations found at both station groups in December 2007 are simply due to the runoff that occurred
at that time along the entire coastline.

None of the November 2010 survey means from sites fronting the development were particularly
elevated and most were in the mid to lower half of the ranges recorded for these parameters except for
silica where the November 2010 mean was the second highest to date and salinity where the mean was
the highest to date. Inspection of the means by date for both station groups (i.e., control versus North
Beach) finds in generai that if a parameter is elevated at sites fronting the development on a given date, it
is similarly elevated at control stations that same date suggesting that changes in the concentrations of
these materials occurs on a coast-wide basis. Finally, the highest absolute survey means were found at
control stations relative to stations offshore of North Beach for all parameters except for pH (0.07 units
difference).

Total nitrogen has sporadically shown fluctuations in concentration through the 26 surveys at sites
fronting the North Beach development. These fluctuations resulting in sporadic higher mean total
nitrogen concentrations at sites offshore of North Beach could suggest a problem at this location, but it
should be noted that the means for the control site are usually greater and have also shown similar
fluctuations. Additionally in many surveys, there are no gradients of concentration (where measured
concenfrations decrease with distance from land) that would support the hypothesis that materials are
necessarily coming only from land. Furthermore, the values encountered in this study are similar to those
found at many other Hawaiian coastal sites where no surrounding development has occurred and are less
than half of the concentrations found below the photic (lighted) zone in the open ocean. These data
support the contention that the concentrations of total nitrogen encountered offshore of Noith Beach are
not particularly high or unusual suggesting that the sources for total nitrogen maybe completely natural.
These data suggest that (1) there is no temporal aspect to the increase or decrease in measured mean
parameter concentrations (except for seasonal changes in temperature) and (2) when a parameter
increases or decreases at sites fronting North Beach, it does so with greater measured values at control
stations which supports the contention that changes in water chemistry are occuiring on a coast-wide
basis. If construction and landscaping activities were impacting the quality of adjacent marine waters at
North Beach, one might expect that as these activities proceed, the concentrations would increase at sites
fronting the development. The statistical comparisons do not support this hypothesis.

Since the inception of the monitoring prograim, the coastal well data from the North Beach site has
shown an elevation of inorganic nuirients in the inland or mauka wells over the concentrations measured
at the makai or shoreline wells. These concentration gradients have usually been best developed at the
southern inland well and to a lesser extent at the south makai well adjacent to Kahekili Beach Park. In
general, groundwater flows from higher elevation areas towards the sea. The southernmost inland well is
located just a few feet from the southern inland corner project boundary. Constructicn activities (other
than explosives) do not utilize or have input of inorganic nutrients, thus are not the source of these
materials which have been present since the inception of the well monitoring program prior to most
development. However, landscape grow-in and subsequent landscaping maintenance utilize fertilizers
which could leach with surplus irrigation to the underlying groundwater table. If the source of the
elevated materials were from landscaping activities on the North Beach project site, the elevation should
be greater at the makai wells and should be showing an increase over time which is not the case. The
elevation in measured concentrations is probably from development located south and inland of the North
Beach site. In general, this elevation of materials in the groundwater decreases both in a seaward and







northerly direction across the North Beach. However through the course of this monitoring program, the
measured concentration of individual nutrients in wells has shown sporadic oscillations over time that
show no relationship to the ongoing development or among wells during a single sampling event. Some
elevation of nitrate nitrogen, ammonia nitrogen, total nitrogen, orthophosphorous, total phosphorus, silica
and chlorophyll-a (a response to the input) has been apparent during some surveys at the shoreline
sample site fronting Kahekili Beach Park at the south end of the North Beach parcel as well as at in the
shallows fronting the drainage swale near the middle of the parcel. However when it is present, this
“signature” is rapidly lost due to dilution, advection and uptake such that within 30 to 100 m of land,
parameter concentrations are at background levels. There is no evidence that this input is affecting near
shore marine communities other than the sporadic dominance of one native algal species, the sea lettuce
or limu palahalaha (Ulva fasciata) in the shallow subtidal area directly adjacent to shore. Ulva fasciata
is known to thrive in areas receiving brackish (ground) water input. The measured concentrations in the
wells on the project site confirms that materials in the groundwater are from inland sources and continue
to pass beneath the project site.

As noted above, examination of the well data shows that parameter concentrations have spiked and
oscillated through time. These oscillations are most apparent in the inland wells and less so in those
close to the shoreline. Large changes in paramefer concentrations are often seen in coastal brackish
water monitoring wetlls at other locations (West Hawai’i) and are a normal part of the natural system in
wells situated both adjacent to and well away from any development thus the North Beach well data are
not unusual.

Biological data collection includes study of the algal (or limn) communities fronting North Beach. In
general, algae are more abundant in the summer surveys over surveys conducted in the winter. Water
temperatures and day length are greater in the summer thus favoring algal growth. Sampling following
high surf events often results in low algal coverage and biomass being present. Surf may break off algal
fronds (thalli) leaving only the basal holdfasts behind for regrowth as happened in the February 2006
survey where no algae was present in quadrats at the north end of the study area due to recent high surf
impinging in this area and again in the most recent survey at the shallow middle transect. Thus the algal
communities in the waters fronting the North Beach project site are subject to seasonal and sporadic surf
events which has resulted in statistically significant changes in mean algal biomass, mean coverage and
the mean number of algal species present through time in the waters fronting the project site. These
statistically significant changes are related to wave events and seasonal differences. The majority of the
algae encountered as measured by biomass or coverage are native in origin and although present, alien
species do not contribute much to these measures in most of the surveys. All other biological parameters
measured in this study (mean coral coverage, mean number of coral species, mean number of fish
species, mean number of individual fish, mean fish standing crop, mean number of macroinvertebrates
and the mean number of species of macroinvertebrates - all per transect) have shown no significant
change through time. Thus there has been no statistically significant changes in the coral,
macroinvertebrate or fish communities since the commencement of this study in February 2001 to the
present (November 2010).

The field surveys have noted the presence of green turtles (a federally protected species) in the waters
fronting North Beach and Kahekili Beach Park. A well-known green turtle resting area is located just to
the north of the present study site at Honokowai and some of the turtles seen over the different surveys
may have been transiting the North Beach area to Honokowai. Other green turtles have been encountered
on the bottom presumably in their usual resting habitat. The marine surveys have noted the presence of a
reasonable algal or limu resource inshore of these resting areas which could serve as forage for this
species. No hawksbill turtles (another protected species) have been seen offshore of the North Beach
project site in this monitoring program.







The coral, algal and fish communities present in the waters fronting North Beach are reasonably
diverse and appear to be healthy. The diversity and coverage of corals suggests that this area receives
some level of disturbance from occasional large surf which serves to maintain the diversity of species by
not allowing any one species to totally dominate the benthic (bottom) communities. Biomass estimates
made in the fish communities are generally high (well above most coral reef areas) on many surveys and
particularly so offshore of Kahekili Beach Park where some level of fish feeding may be cccurring
probably by the shore dive tour operators who use this park as a shoreline dive site.

A recent study {Hunt and Rosa 2009) has determined that treated sewage effluent from the nearby
Lahaina Wastewater Treatment Plant (WWTP) disposed via injection wells is entering the ocean in
proximity to the shoreline along the southern part of North Beach (near the drainage swale) and fronting
Kahekili Beach Park. These treated wastes are mixed with the small amount of effluxing groundwater
which not only contained higher nutrient concentrations characteristic of sewage wastes but also
pharmaceuticals, all of which were present in the effluent water at the Lahaina WWTP. Thus, Hunt and
Rosa (2009) unequivocally demonstrated the presence of treated sewage wastes in the waters fronting
North Beach/Kahekili Beach Park having constituents in common with the wastes at the Lahaina WWTP
at expected elevated concentrations. However, sampling at scales as recommended by the Hawai’i State
Department of Health HAR§11-54-6, the present monitoring program finds only a small elevation in
nutrient concentrations and little salinity depression close to the shoreline albeit our laboratory detection
limits are excellent. These data suggest that the input of high nutrient, low salinity groundwater
(containing treated sewage effluent) is rapidly mixed thus probably has very little impact to the biological
resources resident to the receiving waters. The high phytoplankton biomass which exceeds state
standards in the waters fronting North Beach which would normally be a signal of a potential nutrient
problem are also similarly out of compliance in the waters fronting the Kahoma control site located 5.7
km to the south. Finally, the source of the sewage seen in effluxing groundwater at the southern part of
the North Beach parcel as well as fronting Kahekili Beach Park may be from the application of treated
effluent from the Lahaina WWTP applied as irrigation on the Royal Kaanapali Golf Course and
surrounding landscaping. This irrigation has been in place for at least 30 years and the nutrient chemistry
data from the wells sampled in this monitoring program support this hypothesis. An alternative
hypothesis is that the injection wells which release treated effluent at depth on the treatment plant
grounds is not present in the wells located on the north portion of the project site because local geology
has not allowed these less dense waters to rise until they are at some distance away from the point of
release thus they are seen primarily in wells at the south end of the project site. Despite the mechanism
involved (i.e., coming directly from injection wells or from irrigation), the small volume of groundwater
containing treated effluent relative to the volume of the receiving waters suggests that the input of these
materials to the ocean is occurring diffusely over a broad subtidal area. Thus the diffuse percolation of
materials, which at larger sample scales as used in this monitoring program (albeit having high resolution
detection limits), would be difficult to detect. Difficulty in detecting the diffuse percolation of treated
effluent over a bread subtidal region translates into a low probability of impact of these materials to
resident biota and the present monitoring program has not detected significant changes in the biota thus
supporting this hypothesis.

This monitoring program commenced in 2001. Over this period of time the population of Lahaina has
increased and the volume of wastes treated by the Lahaina WWTP has also increased. If the volume of
treated effluent entering the sea was increasing proportionately as would be expected, there should be
concurrent increases in measured nutrient concentrations at nearby stations as well as measurable
responses in the biota of the receiving waters. This sampling program has not detected any significant
continuing increase in measured nutrient concentrations over the last ten years nor has it found any
evidence of a growing impact to biota from such hypothetical increases in the volume of treated wastes
escaping to the sea. These lack of changes further support the contention that the majority of the treated







effluent is escaping via a diffuse percolation over a broad area, thus changes if measurable are small at
best. Other than the small scale inputs close to shore and without further small-scale investigation (as
done by Hunt and Resa 2009), the injection well system appears to be functioning as designed.

Thus in summary, with the statistical analysis of the biclogical data collected thus far (February 2001
through November 2010) are not showing any significant change other than changes in algal biomass and
coverage due to seasonal (summer-winter) changes and recent surf events in the waters fronting the North
Beach project site, suggests that the construction and maintenance activities occurring on the North
Beach parcel are not having a negative impact on water quality or the marine biota in the receiving
waters fronting this project site.
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INTRODUCTION
Purpose

For many years the public have enjoyed the clear waters and diverse marine biota present
offshore of the former Kaanapali Airstrip in West Maui. This area served as the West Maui
airport until the State of Hawaii completed the airport at Kapalua to the north after which most of
the parcel was put into sugar cane production. More recently, these lands have lain fallow
awaiting development. This parcel lies adjacent to a well-developed sand beach and resort
development has occurred both to the north and south of it. In the 1990's the former developer,
Amfac JMB Hawaii, Inc., commenced with securing appropriate zoning changes to allow the
development of the North Beach project site; a portion of the land at the south end of the North
Beach parcel was deeded to the County of Maui and developed into a public beach park
(Kahekili Beach Park). Amfac JMB subsequently sold a portion of the parcel (~14 acres) to
SVO Pacific, Inc. which has been developed. SVO Pacific, Inc. has developed the lot directly
adjacent (KOR Lot 2) and will also develop the third lot (KOR Lot 3) and at the north end of the
project site, another entity is developing the fourth of four lots that comprise the North Beach
parcel.

Because the public was concerned about the possible impact that development of North Beach
may have on water quality and marine communities in the waters fronting the parcel, the author
agreed to serve as the environmental monitor for the area. A comprehensive monitoring proposal
was developed and accepted by the concerned parties; a contract was signed with Amfac JMB in
1999 but the notice to proceed was never issued because construction was not imminent due to
financial difficulties. SVO Pacific, Inc. commenced on preliminary site work in late 2000 and
the author was contacted to commence the monitoring program. The first survey was carried out
in February 2001 and twenty biannual reports have been developed since that time.

Besides the biannual surveys (usually done in February and August) and reports, it is well-
known that high rainfall can result in surface runoff to the sea and pose a threat to water quality
and marine communities particularly during the construction phase when soil is uncovered. Thus
as part of the environmental monitoring program, it was agreed by all parties to have the
environmental monitor sample following such events. A high rainfall event was deemed to have
occurred when four inches (or more) of rain fell in a 24-hour period as measured on the project
site or by nearby rain gages operated by the National Weather Service. As part of the agreement,
the developer has established and monitored a rain gage on the SVO project site to determine
when the rainfall trigger has been met. This gage has recently stopped working so the monitoring
program is relying on nearby National Weather Service gages.







With a high rainfall event, the water quality monitor is to make a collection of water quality
samples from the ocean fronting the project site and fronting the control site. The rationale for
these “wet” period samples is that the greatest opportunity for runoff and siltation in the
receiving waters occurs under these wet conditions thus affording the possible “worse case”
scenario particularly when soil is uncovered as during construction. In some cases, these wet
period sample efforts may coincide with the routine 6-month sample collection. In summary, the
environmental program and water quality data spans both “wet” and “dry” weather periods.

Amfac JMB Hawaii, Inc. intended to develop the North Beach parcel and had commenced on
aspects of an environmental impact statement for the project site in the early 1990's. As part of
this effort, the author carried out a preliminary study of water quality and marine communities
fronting the parcel in September 1992 (Brock 1992); to the extent possible, these data have been
mcorporated into the present study. Similarly, data from another study (Brock and Kam 1989,
Brock 1990a) which sampled the marine waters fronting Kahoma Stream is used here as a
control site. The 1989 study includes data collected during a dry or low rainfall period as well as
after an unusual 858 mm (3.38-inch) rainfall event.

High Rainfall Events

Since the commencement of construction, there have been six high rainfall events (i.e., greater
than 4 inches in 24 hours) that have triggered a sampling event. The first of these occurred on 29
November 2001 when 5.77 inches of rain was recorded on the rain gage maintained on the
construction site. Field sampling was carried out early in the morning of 6 December 2001,
following notification to the environmental monitor on 4 December 2001 that the event had
occurred. The second high rainfall event occurred on 5 January 2004; the rain gage maintained
by the National Weather Service at Mahinahina (#466) recorded 15.48 inches of rain in a 24-hour
period. Other nearby gages also noted exceptional rainfall on 5 January: Launiupoko Village
gage (#372) - 12.43 inches, and Kahoma Intake gage (#374) 19.80 inches. The Mahinahina gage
is located about 4.3 km of the project site. Water quality sampling was carried out in the early
morning hours of 9 January 2004. The third significant rainfall event was recorded on 23-24
March 2006 where 11.70 inches of rain fell between 1200 hrs on 23 March through 0700 hrs on
24 March 2006. The Mahinahina gage noted 7.93 inches during this period and the Lahainaluna
gage recorded 2.41 inches of rainfall, thus the greatest intensity probably occurred in the vicinity
of the project site. We were informed of this rainfall event on Monday 27 March and sampling
was undertaken in the early morning hours of 28 March 2006.

On 16 October 2006 the fourth high rainfall event occurred when 5 inches of rainfall was
recorded by the gage located at the project site. The environmental monitor was notified of this
rain event on 18 October and field sampling was undertaken early in the morning of 21 October
2006. The fifth high rainfall event occurred on 2 November 2006 when 6 inches was recorded
on the project site gage. Again the environmental monitor was notified of this rainfall event on 7
November and sampling was carried out on the following day (8 November commencing at 0800







hours). A weather front passed through the islands in early December 2007. In the period from 5
through 7 December 2007, the rain gage at the project site recorded 12.0 inches. Because of
dangerous surf and high wind, sampling was carried out as soon as it was deemed safe to use a
vessel in the area. This sampling occurred during the early morning hours of 8 December 2007,

Since the rain gage on the project site is no longer working, the monitoring program is relying
on the National Weather Service upland gages at Mahinahina and Lahainaluna. The project site
lies on the coast about 6.4 km from the Lahainaluna gage and 4.3 km from the Mahinahina gage.
There have been two instances where four or more inches of rainfall in 24 hours has been
recorded at one gage and the second gage recording little or no rainfall. On 4 November 2010
the Mahinahina gage recorded 4.99 inches in 24 hours and the Lahainaluna gage recording 0.0
inches. The second time this happened was on 13 January 2011 when the Mahinahina gage
recorded 4.03 inches and the Lahainaluna gage showed 0.2 inches in the same 24-hour period.
Under these circumstances, water quality sampling has not been carried out because of the
apparent narrow area affected by the rainfall as evidenced by the differences in readings between
these two gages.

Strategy

The potential impacts confronting the North Beach-Kaanapali marine ecosystem are most
probably those associated with chronic or progressive stresses. Changes in runoff characteristics
caused by the development of agriculture (sugar) and drainage systems commencing in the
1800's, suggests that terrigenous input to the near shore marine environment has probably
remained fairly constant due to the usually dry climate in the watershed. (These inputs are most
obvious following heavy rainfall). Direct human impacts on the marine ecosystem, such as
fishing pressure and physical damage from vessel anchors, occurs and has probably increased
with the development of the Kaanapali coastline commencing more than 40 years ago. However,
there is concern that the modifications brought by development to the recently fallow agricultural
lands that comprise the North Beach parcel may bring alterations to the quantity and quality of
the runoff. Increased recreational activities in the ocean due to the development of Kahekili
Beach Park which allows greater access to the area could result in increased fishing pressure,
additional nutritional subsidies as well as other impacts to the ecosystem. Recently, the
Department of Land and Natural Resources has established a fisheries management area in the
waters fronting North Beach. This Kahekili Herbivore Fisheries Management Area bans the
feeding of fishes as well as the taking of herbivorous fish and sea urchins along two miles of
coastline from Honokowai Park on the north to Kekaa or “Black Rock™ Point on the south. This
area includes the North Beach shoreline and the intent is to protect herbivorous species that
should result in decreasing frondose algae which is alleged to be overgrowing the coral.

Monitoring strategies for assessing chronic stresses rely on comparative spatial and temporal
evaluations in relation to ambient conditions. Usually in order to reliably detect system
perturbations, detailed quantitative descriptions of the pre-development environment are
necessary as a "benchmark" against which later studies may be comparatively analyzed.







However, since development (site grading) had commenced on the SVO Pacific parcel prior to
the implementation of this environmental monitoring program, a recent preconstruction
benchmark was not available. Thus, an alternative strategy employing comparative analysis of
quantitative data taken previously at earlier points in time coupled with data from a series of
recent temporal (times) and spatial (localities) scales is being used to follow the delineation of
change as it occurs. Hence the strategy of this study is to conduct comparative analyses of water
quality and marine community structure directly fronting the project site and for water quality, at
a selected area well-removed to serve as a control. Through time, these sites are repeatedly
sampled. As noted above, the sampling schedule has been established on a biannual basis with
additional sampling following heavy rainfall events. This sampling strategy covering both wet
and dry periods as well as at locations fronting the project site and those away from it, should
provide information on (1) the variability in measured parameters and (2) changes in any
parameters that are due to the activities on the project site.

Such a sampling strategy should allow the quantitative delineation of changes in the marine
environment fronting the North Beach project site if they occur. Relating changes in marine
water quality to human activities elsewhere (as on land) may not always be a simple matter when
the disturbance is of a chronic nature. However, biannual water chemistry surveys of permanent
stations should assist in early detection of problems. If statistically significant changes are noted
in the measured parameters that may require corrective action, management and permit agencies,
to the extent required, will be notified so that they may take corrective measures.

As noted above, sampling has taken place during twenty dry periods {February and August
2001, February and August 2002, February and September 2003, March and August 2004,
February and August 2005, February and August 2006, February and August 2007, February and
August 2008, March and August 2009, April and November 2010) as well as following six wet
periods (December 2001, January 2004, March, October and November 2006 and December
2007). The present report covers the most recent dry period survey carried out on 16 November
2010. Thus in total, there have been twenty-six surveys completed to date.

Synopsis of the North Beach Monitoring Plan

The approved monitoring plan is comprised of two major elements: a water quality
monitoring program and a marine life monitoring element. Each of these are summarized below.

The water quality monitoring program samples the marine waters fronting the North Beach
project site as well as a series of coastal monitoring wells located along the inland and seaward
sides of the project site. In general, inputs from land to the sea will create concentration
gradients because inorganic nutrients occur in low concentrations in offshore oceanic waters and
are frequently elevated both through natural and anthropogenic activities in ground water and
surface sheet flow (after storms) as it enters the sea from land. Other possible pollutants from
anthropogenic sources will usually enter the sea either in a water soluble form as ions in the
incoming fresh water or attached to fine sedimentary particles which are usually carried to the sea







via storm water runoff. Low salinity water is lighter and will usually overlie the denser, warmer
seawater. Mixing by wind and waves will serve to break down this stratification with time.
Thus the greatest concentrations of nutrients and some pollutants are usvally found in the lower
salinity surface layer which is best developed close to shore.

The objectives of the ocean water quality monitoring program are (1) to quantify the
concentration of measured parameters in the marine environment fronting the project site and (2)
to quantify any input of these parameters from the project site. To meet these objectives requires
delineation of inputs from the project site separating these from inputs coming in from other
areas. In the marine waters fronting the project site, sources for the measured parameters in this
study come from (1) marine waters adjacent (both north and south) to the project site, (2) from
groundwater entering the ocean in the intertidal/shallow subtidal along the project site, (3) from
runoff emanating from the project site following heavy rainfall, and (4) for some parameters (i.e.,
ammonia nitrogen) there may be in situ generation by biological activity. Separation of these
sources is made by sampling at sites ranging from shore in a seaward direction both from the
surface as well as at depth as well as at sites along the northern and southern boundaries of the
North Beach site.

The sampling scheme concentrates the collection of water samples in close to shore where
inputs from land would be most evident. This sampling strategy follows that as outlined in the
West Hawaii Monitoring Protocols (1992). Such a sampling scheme, which allows the scaling of
water chemistry parameters to salinity or other conservative tracers (silica) is applicable to a
hydrographic mixing model that has been established as an effective method of determining
changes in chemical make-up of groundwater discharge (Dollar, Brock and Smith 1995). In
addition, the method allows the identification of chemical sources on land that are contributing to
material input to the marine environment.

The objectives of the groundwater monitoring program are to ascertain the quality of
groundwater as it enters the project site on the mauka (mountain) side and as it leaves the project
site on the makai (ocean) side of the project site. Differences in measured concentrations of
parameters between samples collected on the mauka side to those collected on the makai side
provides information on inputs occurring on the project site. These data also provide insight as
to the quality of the water entering the sea from the project site.

Water quality monitoring of wells and the near shore marine environment is to occur on a
biannual basis (approximately once every six months) both during and following the construction
phase of the SVO Pacific, Inc. project sites. As noted above, high rainfall events can cause
surface runoff to the sea and if a high rainfall event occurs (defined here as a 4-inch in 24 hours)
as measured at the SVO Pacific project site, it will trigger the collection of water quality samples
from the ocean (a) fronting the project site, (b) fronting the control site. In summary the water
quality data span both dry and wet periods.

The objectives of the marine biological monitoring program are to (1) determine the status of







marine communities in the waters fronting the project site, (2) quantitatively ascertain any
changes that occur to these communities over the life of the program and (3) if change occurs,
determine the causal mechanism(s) and/or source(s) for these changes and if activities on the
project site are responsible, suggest mitigation measures to alleviate the problem(s). If activities
on the SVO Pacific site are responsible for the change occurring in the marine communities, the
mechanism responsible (that we can measure) will be changes in water quality. Thus detection
of these changes are the first signal of potential impact to marine communities.

The marine biological monitoring not only quantitatively monitors fish, corals and other
invertebrates, but also algal communities present in the waters fronting the project site. Nuisance
or alien algal species have been a problem on the West Maui coast thus this group along with the
threatened and endangered sea turtles (the green - Chelonia mydas as well as the hawksbill -
Eretmochelys imbricata) are important parts of the biological monitoring program. Monitoring
for the presence of threatened and endangered species occurs during every survey as does the
water quality and algal community surveys. In the past marine biological survey work was
carried out annually during the February surveys but commencing with the August 2004 and all
subsequent surveys, a complete marine community analysis is undertaken.

A drainage swale crosses the North Beach project site roughly between the second and third
SVO Pacific lots (KOR Lots 2 and 3). Most of the land inland of coastal highway has been in
sugar cane production for more than a century until recently. During this period much of the
landform below the 2,000-foot elevation of the West Maui mountains in the Lahaina-Kaanapali
area was heavily modified including the drainage patterns. The North Beach swale services the
Puukolii Village area during periods of high rainfall. Since this swale is probably the primary
point for runoff during heavy rainfall events entering the sea on the North Beach project site, a
focus of the marine water quality monitoring at the project site is fronting this drain.

A site fronting a similar intermittent streambed was selected as a control for the collection of
water quality samples. The control samples provide comparative information on water quality at
another location away from the project site. The site selected is another intermittent streambed
that similarly crosses former sugar lands and discharges into the sea during periods of high
rainfall. These data are particularly important for differentially understanding the impact the
project construction runoff during periods of high rainfall. The site selected is offshore of
Kahoma Stream near Mala Wharf and is sufficiently close to the project site (5.7 km south) to be
subjected to similar rainfall patterns.

MATERIALS AND METHODS
1. Water Quality Sample Station Selection

In most coastal studies, the concern is nutrient pollution from human activities and the sources
are almost always from land. The usual transport mechanism for these nutrients is water, either







FIGURE 1. Map of the North Beach project site showing Kahekili Beach Park, the 14-acre Lot
1 {Phase 1, developed), Lot 2 (Phase 2 - 11.5 acres, developed), Lot 3 which is undergoing
development all under SVO Pacific, Inc. control and the ongoing development of Lot 4 (~43.2
acres) by another party. Also shown are the 22 marine water quality monitoring sites and six
well sites located on the North Beach parcel. Note that all sample locations are only approximate
and sample points are not drawn to scale. Map courtesy of Amfac Property Development
Corporation. Note that the seven control sample sites are located offshore of Kahoma Stream
near Mala Wharf about 3.2 km south of the project site.
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from water and nutrients traveling vertically through the soil horizons (via irrigation water) down
to seaward flowing groundwater which often enters the ocean at or near the shoreline, or from
surface sheet flow which occurs as runoff following heavy rainfall. Thus much of the water
quality sampling in this study is focused in areas where runoff might carry materials to the ocean,
i.e., near intermittent stream mouths. The strategy of sampling water quality characteristics from
shore in a seaward direction (i.e., through any existing gradient) follows the sampling protocol as
laid out in the West Hawaii Monitoring Protocols (1992) and specified in HAR§11-54-06(d)(1).

Three onshore-offshore “transects” of water quality sample sites have been established in the
marine environment fronting the North Beach project site. Each transect has seven sample sites;
one sample is collected from just under the surface at the shoreline, a second approximately 30 m
offshore at the surface and a third just below the second about 1 m above the bottom (depths
ranging from about 2 to 4 m), a fourth sample is collected 100 m offshore at the surface and a
fifth just below the fourth at about 1 m above the bottom where depths range from 6 to 10 m.
The sixth sample is collected at the surface approximately 200 m from shore and the seventh
sample is taken approximately 300 m offshore from the surface water. One of these transects is
established close to the northern boundary of the North Beach project site, a second close to the
southern boundary fronting the public beach park and the third offshore of the drainage swale
close to the middle of the project site. One additional marine sample is to be collected at the
small groundwater discharge along the beach near the north end of the North Beach project
site which was located by us in 1992. We have been unable to locate this shoreline groundwater
source in our recent 2001-10 surveys. The approximate location of these sample sites is given in
Figure 1.

The rationale for the location of these samples sites is as follows. Monitoring of the north and
south transects will detect materials coming from other sources to the north and south of the
project site. Data from these “boundary” samples can be compared to samples taken offshore of
the middle section of the project site. To address the question of materials being generated in
situ, the boundary samples can again be compared to samples collected in an onshore-offshore
series collected in the central part of the project site fronting the drainage swale. All
comparisons and analyses are carried out using accepted statistical procedures.

A fourth onshore-offshore series of samples is collected at a control site away from the North
Beach project site fronting another intermittent stream. This location fronts Kahoma Stream near
Mala Wharf, 5.7 km south of the North Beach project site. These seven control samples provide
comparative information on water quality at another location away from the project site.

Because of the 12.0-inch high rainfall event occurring over 5 through 7 December 2007
resulted in substantial runoff from land along the Kaanapali/Lahaina coastline, water quality
samples were collected at two additional marine sites to provide information regarding the
relative magnitude of inputs at other sites in proximity to North Beach. The two sites selected
were a drainage swale located along the north side of Kekaa Point (“Black Rock™) which is about
1 km south of Kahekili Beach Park. The second site fronted the terminus of Honokowai Stream







located about 610 m noxth of the North Beach north boundary. As with all marine sample sites,
seven samples were collected along a transect that commenced at the shoreline and extended 300
m scaward. The Black Rock and Honokowai Stream siies were sampled in the December 2007
wet period survey as well as in the February 2008 dry period survey. These additional sites have
not been sampled on subsequent surveys.

Besides sample sites in the ocean fronting the project site, water quality sampling is aiso
carried out is a series of six coastal monitoring wells. Three of these wells are located along the
inland or mauka border of the North Beach parcel and the other three are located close to the
shoreline. The locations of these wells is shown in Figure 1. The rationale for sampling these
sites is that the differences seen in the quality of groundwater from the mauka (inland) sites and
the makai (shoreline) sites is a measure of the inputs occurring due to human activities on the
project site as well as provide some information on the quality of the water as it enters the sea.

2. Water Chemistry Methods

Unless otherwise noted, marine samples are collected at the surface (about 20 cm below the
air-water interface) to sample any less-saline groundwater that may be entering the ocean.
Bottom samples are collected with a Niskin bottle which is lowered to about a meter above the
bottom and well samples are collected using a hand bailer. Water quality parameters that are
evaluated are specific criteria designated for "open coastal waters" in Title 11, Chapter 54,
Amended Administrative Rules for Water Quality Standards (2004). These criteria include
ammonia nitrogen, nitrate + nitrite nitrogen, total nitrogen, total phosphorus, chlorophyll-a and
nephalometric turbidity. Also collected are samples for the non-specific criteria including
dissolved oxygen concentration, temperature, pH and salinity as well as the nutrients, silica and
orthophosphorous at each station.

Water samples for nutrient analyses are taken in 500 ml acid-washed polyethylene bottles that
are triple-rinsed in the field with sample water just prior to sample collection. These samples are
capped and held on ice until returned to the laboratory. Samples for total nitrogen and
phosphorus are taken from unfiltered samples following ultraviolet (UV) digestion and the silica
samples are kept chilled and not frozen until analysis. Analyses for ammonium, nitrate -+ nitrite
and orthophosphate are carried out on filtered samples using standard techniques; inorganic and
total (after oxidation) nutrient analyses are determined using a Technicon AutoAnalyzer II
system with standard procedures modified for high precision analyses. For purposes of quality
assurance/quality control some samples are collected and measured in triplicate; data are
presented as means. The analytical procedures follow those given in Standard Methods (1999),
Grasshoff (1983) and Strickland and Parsons (1972). The limits of detection (precision) and
accuracy of nutrient determinations are as follows: total nitrogen accuracy = 0.5 uM or 7.00 ug/l,
limits of detection = 0.2 uM or 2.8 ug/l; total phosphorus = 0.04 uM or 1.24 ug/l, limits of
detection = 0.02 uM or 0.62 ug/l; orthophosphorous accuracy = 0.2 uM or 0.62 ug/l, limits of
detection = 0.01 uM or 0.31 ug/l; nitrate-+nitrite nitrogen accuracy = 0.05 uM or 0.70 ug/l, limits
of detection = 0.03 uM or 0.42 ug/l; ammonia nitrogen accuracy = 0.08 uM or 1.12 ug/l, limits of

10







detection = 0.03 uM or 0.42 ug/l; and silica accuracy = 0.5 uM or 14.00 ug/], limits of detection =
0.2 uM or 5.60 ug/l.

Total nitrogen is a measure of all forms (inorganic and organic) of nitrogen present in a
sample. If the water sample is filtered prior to analysis, the analysis will yield total dissolved
nitrogen (TDN) and if it is not filtered as in the present case, it yields total nitrogen (TN).
Sampling for total nitrogen follows the requirements of the Department of Health [IIAR§11-54-
6(B)(3)]. As noted above, nitrate+nitrite nitrogen, ammonium and orthophosphorous are
determined on filtered samples thus represent the dissolved fractions; the nitrate-+nitrite data
below are recorded as “nitrate” since the nitrite fraction is small but included with nitrate.

Turbidity samples are collected as unfiltered water and stored on ice in 125 ml polyethylene
bottles until measurements are made (within 24 hours). Turbidity is measured on a Monitek
Laboratory Nephelometer (limit of detection = 0.01 NTU, accuracy = 0.02 NTU) following the
procedures as described in Standard Methods (1999). The instrument is calibrated as specified
by the Environmental Protection Agency with standard formazin solutions prior to and after
sample measurements. Prior to measurement, samples are throughly mixed to disperse
particulate materials and measured in duplicate when all air bubbles disappear.

Chlorophyll-a samples are collected by filtering known volumes of seawater through glass
microfiber filters (GF/F); filters are stored in a frozen state until laboratory analyses are carried
out following laboratory procedures as given in Standard Methods (1999) and pigments are
extracted and determined fluorometrically with a limit of detection = 0.01 ug/l and accuracy =
0.03 ug/l. Salinity samples are collected in 125 ml polyethylene bottles in the field, filled
completely and capped tightly until measurement on an AGE laboratory salinometer (limit of
detection = 0.0001 ppt, accuracy = 0.003 ppt) in the laboratory. In the field, oxygen and
temperature are measured using a YSI Model 58 meter and pH is determined using a Hanna
millivolt pH meter.

Samples are processed by laboratories using published and EPA-approved methodologies.
These laboratories participate in and meet the US EPA round-robin test program which insures
accuracy; they follow standard quality assurance/quality control (QA/QC) procedures in handling
and processing of all samples.

3. Marine Community Studies

As noted above, the objectives of the marine biological monitoring program are to (1)
determine the status of the marine communities in the waters fronting the project site, (2)
quantitatively ascertain any changes that occur to the communities over the life of the program
and (3) if change occurs, determine the causal mechanism(s) and/or source(s) for these changes.
If activitics on the project site are responsible for the changes, a final objective is to suggest
mitigation measures to alleviate the problem. If activities on the North Beach project site are
responsible for change occurring in marine communities, the mechanism responsible would
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probably be changes in water quality, Thus detection of these water quality changes are expected
to be the first signal of potential impact to marine communities.

The first step in any quantitative delineation of marine communities is to define the major
zones or biotopes present in the area. This is accomplished by towing (or swimming) a diver
through the study area from shore to the outer boundary (the 20 m isobath) of the study area.
Biotopes are qualitatively defined partially on the presence of large structural elements (i.e.,
amount of sand, hard subsiratum, fish abundance, coral coverage or dominant coral species).
Within each defined biotope, a number of permanently marked stations are established and
quantitative studies conducted at each including a visual enumeration of fish, counts along
benthic transect lines and cover estimates in benthic quadrats. Besides these quantitative
measures, a qualitative reconnaissance is made in the vicinity of each station by swimming and
noting the presence of species not encountered in the transects. All assessments are carried out
using SCUBA. Permanent stations are marked using nylon cable ties and small subsurface floats
tied to the substratum which allows for repeated sampling of the same location.

The sampling protocol occurs in the following sequence: on arrival at a given station, a visual
fish census is undertaken first to estimate the abundance of fishes. These censuses are conducted
over a4 x 25 m corridor and all fishes within this area to the water’s surface are counted. Data
collected include species, numbers of individuals and an estimate of their individual lengths; the
length data are later converted to standing crop estimates using linear regression techniques
(Ricker 1975). A single diver equipped with SCUBA, transect line, slate and pencil enters the
water, counts and notes all fishes in the prescribed area (method modified from Brock 1954).
The 25 m transect line is paid out as the census progresses, thereby avoiding any previous
underwater activity in the area which could frighten wary fishes.

Fish abundance and diversity is often related to small-scale topographical relief over short
linear distances. A long transect may bisect a number of topographical features (e.g., cross coral
mounds, sand flats, and algal beds), thus sampling more than one community and obscuring
distinctive features of individual communities. To alleviate this problem, a short transect (25 m
in length) has proven adequate in sampling many Hawaiian benthic communities (Brock and
Norris 1989).

Besides frightening wary fishes, other problems with the visual census technique include the
underestimation of cryptic species such as moray eels (family Muraenidae) and nocturnal species,
e.g., squirrelfishes (family Holocentridae), aweoweos or bigeyes (family Priacanthidae), etc.

This problem is compounded in areas of high relief and coral coverage affording numerous
shelter sites. Species lists and abundance estimates are more accurate for areas of low relief,
although some fishes with cryptic habits or protective coloration (e.g., the nohus, family
Scorpaenidae; the flatfishes, family Bothidae) might still be missed. Obviously, the effectiveness
of the visual census technique is reduced in turbid water and species of fishes which move
quickly and/or are very numerous may be difficult to count and to estimate individual sizes.
Additionally, bias related to the experience of the diver conducting counts should be considered
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in making any comparisons between surveys. In spite of these drawbacks, the visual census
technique probably provides the most accurate nondestructive method available for the
assessment of diurnally active fishes (Brock 1982).

After the first assessment of fishes, the permanent nylon cable ties were fixed to the
substratum to assist in subsequent relocation of the station; typically, three to eight ties are used
along the length of the 25 m transect line. To assist in later relocation, small subsurface floats
were tied to the substratum at either end of each line. Once completed, an enumeration of
epibenthic invertebrates (excluding sessile species such as corals) is undertaken using the same
transect line as established for fishes. Exposed invertebrates usually greater than 2 ¢m in some
dimension (without disturbing the substratum) are censused in a 4 X 25 m area. As with the fish
census technique, this sampling methodology is quantitative for only a few invertebrate groups,
e.g., some of the echinoderms (some echinoids and holothurians). Most coral reef invertebrates
(other than corals) are cryptic or nocturnal in their habits making accurate assessment of them in
areas of topographical complexity very difficult. This, coupled with the fact that the majority of
these cryptic invertebrates are small, necessitates the use of methodologies that are beyond the
scope of this survey (e.g., see Brock and Brock 1977). Recognizing constraints on time and the
scope of this survey, the invertebrate censusing technique used here attempts only to assess those
few macroinvertebrate species that are diurnally exposed.

Exposed sessile benthic forms such as corals and macrothalloid algae are quantitatively
surveyed by use of quadrats and the point-intersect method. The point-intersect technique only
notes the species of organism or substratum type directly under a point. Along the previously set
fish transect line, 50 such points are assessed (once every 50 cm). These data are converted to
percentages. Quadrat sampling consists of recording benthic organisms, algae and substratum
type present as a percent cover in six, one-meter square frames placed at five-meter intervals
along the transect line established for fish censusing (at 0, 5, 10, 15, 20 and 25 m).

If macrothalloid algae are encountered in the 1 x 1 m quadrats or under one of the 50 points,
they are quantitatively recorded as percent cover. Emphasis is placed on those species that are
visually dominant and no attempt is made to quantitatively assess the multitude of microalgal
species that constitute the “algal turf” so characteristic of many coral reef habitats. Macroalgae
are also collected from 0.1 m? quadrats for dry weight biomass estimates where following each
field collection, each sample is sorted to species and each is individually oven-dried to constant

weight.

During the course of the fieldwork, notes are taken on the number, size and location of sea
turtles and other threatened or endangered species seen within or near to the study area. As
biological sampling stations are occupied with the survey vessel, two individuals spend time
scanning the surface for the presence of threatened and endangered sea turtles (the green -
Chelonia mydas as well as the hawksbill - Eretmochelys imbricata) coming to the surface for air.
If a sea turtle is seen in the waters fronting the project site, an attempt is made to observe the
turtle underwater to determine the species, size, sex and presence or absence of tags or tumors.
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Further information on threatened or endangered species has been obtained by questioning users
familiar with the area.

Data are subjected to nonparametric statistical analysis; analyses focus on changes at a given
location through time as well as changes that may occur across locations at any time.
Nonparametric methods are used to avoid some of the assumptions regarding normality of data.

These methods provide quantitative information on the status of the marine communities in
the waters fronting the project site as well as point out any change that may occur. Any
statistically significant negative change encountered in the marine communities is examined in
light of the water quality data to determine the source(s) of these changes. If the source is from
the North Beach project site, appropriate mitigative measures will be suggested to reverse the
problem(s).

In the past, sampling of the biological stations is undertaken on an annual basis due to the fact
that most sessile species such as the corals are relatively slow growing thus only need to be
monitored annually. An annual monitoring strategy is in keeping with the US EPA guidelines for
monitoring Oahu’s ocean sewage disposal sites. However commencing with the August 2004
survey, marine communities are fully monitored (duplicating the February surveys) to insure that
these communities are not being degraded. Since the inception of this monitoring program, algal
communities are sampled during the routine 6-month surveys because of their relatively rapid
response (i.e., growth) to changing environmental conditions.

RESULTS AND DISCUSSION
1. Water Chemistry
A. Sample Locations

Under the present monitoring program water quality samples have been collected on twenty
dry period occasions which includes the present (November 2010) survey as well as following
six high rainfall events (December 2001, January 2004, March, October and November 2006,
December 2007). These 26 sampling events monitored the water quality at 21 marine sites
fronting the North Beach project area as well as the seven control sites offshore of Kahoma
Stream and as mentioned above two surveys (December 2007 and February 2008) included the
collection of water quality samples fronting Black Rock and Honokowai Stream. One site
(number 29) is a groundwater spring along the shoreline near the north end of the old Kaanapali
Adrstrip site located by us in 1992 has not been evident during any of the recent 2001-2010
surveys thus remains unsampled.

The six monitoring wells are sampled on the routine biannual (February and August) surveys.
Because of incomplete drilling and/or well loss due to maintenance activities away from and on
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the SVO Pacific project site, not every well has been sampled during each survey (see previous
reports). In the February 2003 survey, wells 2 and 3 were not collected because we could not
locate them due to the thick vegetative cover but one of these (well 2) was subsequently located
and thus sampled in the September 2003 survey (thus five of six wells were sampled). In the
March 2004 survey, well 1 (north makai well) had been accidently removed by a bulldozer
{(probably clearing brush), well 3 (middle mauka well) remained hidden in the tall grass and well
5 (south makai well) had been accidently covered by landscaping activities on the project site.
Thus the March 2004 survey sampled three of six wells (well nos.2, 4 and 6) and in the August
2004 survey all six wells had been marked for easy field identification or redrilled (well 5). The
February 2005 survey located and sampled all wells except the south makai site (well 5) that had
been inadvertently covered by the ongoing construction and landscaping of the area and the
August 2005 survey sampled the four wells away from the SVO project site (well nos. 1, 2, 3,
and 4) but was unable to locate either of the two wells on the project site. Again, recent
landscaping was probably responsible for the mistaken removal of these wells (nos. 5 and 6).
Well numbers 5 and 6 (on the project site were redrilled and sampling was attempted in the
February 2006 survey but was not successful because the drilling did not penetrate sufficiently
into the water table precluding sample collection. These wells (nos. 5 and 6) were
purged/pumped prior to the August 2006 survey. In the August 2006 survey well 5 (south makai
well) was successfully sampled but well 6 (south mauka) remained dry as it also was in the
February 2007 survey. Well 6 was redrilled following the February 2007 survey. In the February
2007 Well 3 (middle mauka well) which was adjacent to the public parking lot had been
inadvertently lost due to construction activities occurring adjacent to the parking area. This well
was redrilled and sampled in the August 2007 survey. In the February 2008 survey, well 6 (south
mauka well) had been covered by landscaping and could not be found but the remaining five
wells were sampled. In the 20 August 2008 survey, Well 1 (north makai well) and Well 2 (north
mauka well) were both missing having been covered by ongoing landscaping and construction
activities on Lots 1 and 2 thus were not sampled but the remaining four wells were located and
sampled. The March and August 2009 as well as the April 2010 surveys again could not find
Wells 1 and 2, thus the four remaining wells were sampled (Well nos. 3-6). By the November
2010 survey Well 2 (north mauka well) had been redrilled so five of the six wells were sampled
in this most recent survey.

B. Local Weather Observations

The local weather and sea conditions were reasonable at the time of the 16 November 2010
survey. Calm water and relatively good water clarity was apparent at all sampled stations. In the
7 April 2010 survey small (1-2 foot) surf was present and the water clarity was not good.
Weather conditions on the 18 August 2009 survey included calm seas and the water being
relatively clear. Weather and water conditions at the time of the 17 March 2009 survey were
relatively good with the waters very clear at all marine water quality sample sites except those on
the north transect (site nos. K-22 through 28) where water was turbid and there was considerable
evidence of recent wave activity having overturned areas of rubble (i.e., white in appearance) as
well as some broken coral present. This was most evident in the shallower areas inshore of the
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permanent biological station. Seas were calm which assisted in the collection of field data.

At the time of the 20 August 2008 survey, surf was down and the seas were calm which made
the collection of field data relatively easy. Sampling during or just after high surf can have an
impact on the concentration of some measured parameters in coastal waters. High surf may serve
to resuspend fine particulate materials that had entered the marine system previously (or
generated in situ) which affects the parameter, turbidity. High rainfall often results in inputs to
the sea via Honokowai Stream just north of the North Beach project site or via Kahoma Stream
adjacent to the control stations near Mala Wharf. Sampling following these natural events in this
study has resulted in high observed concentrations measured in a number of parameters.

As noted above, a strong frontal system moved through the Hawaiian Islands in early
December 2007 resulting in downed trees, road and school closures as well as storm surf and
high rainfall. The Honolulu Advertiser reported surf heights of 80 feet on Maui’s north shore (on
5 December 2007, page 1) and the rain gage at North Beach recorded 1.0 inch on 4 December,
5.5 inches on 5 December and 6.5 inches between 6-7 December 2007. Storm surf precluded use
of a vessel for safe collection of water quality samples until late in the day of 6 December.
Arrangement were made for sample collection and sampling was carried out in the early morming
of 8 December 2007. At that time water visibility was extremely poor and surf was between four
to five feet in height. Runoff had breached the sand berm fronting the North Beach project site at
three locations (fronting Lot 1, at the drainage swale and fronting Lot 4) resulting in input to the
ocean as had occurred at every intermittent stream and drain along the coastline.

As noted above, high rainfall occurred on 16 October 2006 when five inches was recorded at
the gage maintained on the project site. Notification was made on 18 October and sampling
occurred in the early morning of 21 October 2006. At that time the tide was high and
considerable surge was present. Surf along west shores was reported at 4 to 6 feet on 21 October
and the water conditions were reflected that activity. Observations made along the shoreline
indicated that the five-inch rainfall event did not breach the sand dune anywhere fronting the
North Beach project site. On 2 November 2006 a 6-inch in 24 hour rainfall was again recorded
at the project site rain gage. We were notified of this event on 7 November and carried out water
quality sampling in the moming of 8 November 2006. Again the tide was high and the northeast
tradewinds were strong (~25 mph). Some surf was present just north of the project site (at
Honokowai). The reported wave heights for 8 November were 6 to 8 feet on the north shores and
3 to 5 feet on the west shores of all islands. Again, there was no evidence of runoff resulting
from the high rainfall event having breached the sand dune fronting the North Beach project site
and entering the sea.

The ocean conditions were relatively calm and clarity was high in the near shore waters
fronting the project site on 14 August 2007 despite the fact that Hurricane Flossie was ~ 425
miles SE of the Big Island at the time. Offshore waters fronting the project site were in the wind
line caused by the strong ENE tradewinds occurring at the time thus only the most seaward water
quality sample sites at the north end of the project area were exposed to these winds. Water
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clarity was poor at the control station in the August 2007 survey but the waters were calm. In the
13 February 2007 survey the seas offshore of the project site were calm, no surf was present and
the water appeared to be clear. The 29 August 2006 dry period survey was carried out during a
period of light on-shore winds with a small 2 to 3-foot south swell impinging along the North
Beach area. No major surf had impacted the North Beach shoreline in the week prior to
sampling. On 28 February 2006 some surf was present along the north sector offshore of the
North Beach project site. The swells were from the north (6 to 10 feet) and west (2 to 4 feet) and
coupled with the extreme high tide (+2 feet) early in the day resulted in poor water clarity
throngh much of the study area. . On 28 March 2006 surf was about 2 feet along the north part of
the project site and the water was turbid in the north half offshore of the project site. Field
observations on the status of weather conditions on 15 February 2005 noted some surf fronting
the project site {a west swell wrapping around to the north end of the North Beach project site)
which served to increase local turbidity close to shore. The 4 Augunst 2005 noted some turbidity
close to shore at Mala Wharf (the control site) but clearing further offshore and the water
appeared to be clear fronting the North Beach project site. Field observations carried out on
other surveys have also noted both surf (which serves to resuspend materials) as well as inputs
from nearby intermittent streams serve to increase turbidity readings. For example, the 9 January
2004 survey was carried out following the 15-inch rainfall four days previously and turbid water
fronting both the Kahoma/Mala Wharf control site as well as offshore of the North Beach area
was noted. At North Beach, the turbidity was greatest in the area north of the project site,
probably due to inputs from Honokowai Stream. A small WNW swell (~3-foot) was apparent at
the north end of the project site which probably contributed to the generally turbid conditions.
Despite the magnitude of the 15-inch rainfall four days previously, there was no evidence of any
runoff having breached the natural sand berm that fronts the length of the North Beach project
site. Thus no runoff entered the sea along this section of the coastline but runoff had obviously
entered via Honokowai Stream north of the project site and the drainage channel at Kekaa Point
(“Black Rock™) located south of the project site. The 15 March 2004 survey noted some
turbidity close to shore along the North Beach parcel and turbidity was evident at the Kahoma
Stream control site.

The ocean conditions during the August 2002, February and September 2003 surveys were
excellent with local tradewinds creating slightly choppy seas with no swell, and the water
appeared extremely clear. These conditions lead to good mixing and low turbidity and one might
expect to have more parameters in compliance than would be the case during stormier periods.
The local ocean conditions at the time of the 13 February 2002 survey were choppy with strong
northeast trades. There was not much surf present fronting either the Kaanapali project site or
Kahoma Stream areas, but considerable rain and runoff had occurred in the two weeks prior to
this survey. We visited the waters fronting the Kaanapali project site on 30 January 2002
following a 4.40-inch rainfall event (as measured at the Mahinahina gage) in the previous 24-
hour period. The ocean was a mix of green to chocolate-brown fronting the project site
apparently from Honokowai Stream as well as from a point at the north end of the North Beach
site where runoff broke through the sand berm comprising the beach. These highly turbid
conditions had greatly decreased by 13 February (when sampling occurred) but the existing chop
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and surge appeared to be resuspending material in the water column. Turbidity was greater at the
north end of the Kaanapali project site and there was no evidence of runoff and input from the
SVO Pacific construction site at the south end of the Kaanapali parcel.

The ocean was very turbid at the time of the 6 February 2001 sampling; a sizeable WNW
swell had occurred during the week previous to sampling and during 6 February as the field
survey was ongoing, the surf came back up making the collection of biological data near
impossible in the near shore waters fronting the project site. These high surf conditions are
probably responsible for some of the measured parameters being out of compliance at both the
control and North Beach sites at that time, On 10 August 2001 a plume of relatively turbid water
was apparent at the north end of the North Beach project site early in the day during the algal
sampling effort. By the time the water quality samples were collected (commencing at 1100
hours), this plume of turbid water carrying algal fragments had retreated north towards
Honokowai. The source of this turbid water appeared to be from Honokowai Stream. In
addition, surf activity in the week prior to the 10 August 2001 sample effort had been relatively
small to nonexistent, thus water conditions were considerably better than in the first (February
2001) survey.

Observations on the status of conditions on 6 December 2001 noted turbid water fronting the
Kahoma control site but the water fronting the project site appeared to be relatively clear. North
of the Kaanapali project site, the water again appeared to be extremely turbid probably coming
from Honokowai Stream. The US National Weather Service had posted a small craft advisory
due to the strong east winds ranging from 20 to 25 knots with seas from 10 to 15 feet. Surf for
the island was coming from the northwest at 12 feet but with this prevailing direction, it did not
impact the Kaanapali area and the local surf along this shoreline was small at the time of
sampling. An examination of the natural sand berm along the Kaanapali beach did not show any
evidence that runoff having breached the berm and directly entering the ocean during the 29
November 2001 rainfall event.

C. Compliance With State Water Quality Standards

The results of the analysis of water samples collected on the 16 November 2010 dry period
survey are given in Table 1. Marine samples shown with an “S” are taken at the surface
(approximately 20 cm below the air-water interface) and sample numbers with a “B” are taken at
depth below the surface sample approximately 1 m above the seafloor. Data for previous sample
periods are in earlier reports.

The Department of Health has developed specific criteria for different classes of water under
state jurisdiction (e.g., as for harbors, streams and marine waters). The waters fronting the North
Beach project site are classed as “open coastal waters” and are to remain “...in their natural
pristine state with an absolute minimum of pollution or alteration of water quality from any
human-caused source or action” (Hawaii Administrative Rules, Chapter 11-54-3). Open coastal
waters have the most stringent standards and these are applied according to the amount of fresh
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TABLE 2. Specific criteria specified by the Department of Health water quality standards for
open coastal waters as amended in 1996.

Geometric Not to exceed
mean not to the given value WNot to
exceed the more than 10% exceed the
Parameter given value of the time given value
Total Nitrogen 150.00  * 250.00 * 350.00 *
{ug N/L) 110.00  ** 180.00  #* 250.00 **
Ammonia Nitrogen 3.50 * 8.50 * 15.00 *
(ug NH4-N/L) 2,00  ** 500 e 900  **
Nitrate+Nitrite
Nitrogen 5.00 * 14.00 * 2500 *
{ug[NO3-+NO2J-N/L) 3.50 kR 10.00 * 2000 **
Total Phosphorus 20.00 * 40.00 * 60.00 *
(ug P/L) 1600 % 3000 % 45.00  **
Chlorophyll-a 0.30 ® 0.90 * .75 %
(ug/L) 0.15 ok 0.50 ** 1.00  **
Turbidity (NTU) 0.50 * 1.25 * 2.00 *
0.20 ok 0.50 ok .00  **

* "Wet" criteria apply when the open coastal waters receive more than three million gallons per day
of fresh water discharge per shoreline mile.

*% "Dry" criteria apply when the open coastal waters receive less than three million gallons per day
of fresh water discharge per shoreline mile.

Applicable to both "wet"” and "dry" conditions.

1. Salinity - Shall not vary more than 10 percent from natural or seasonal changes considering hydro-
logic input and oceanographic factors.

2. Orthophosphate was eliminated from the list of requirements in the revised 1988 document but be-

cause of its biological importance, it was measured in this study. The old "wet" criteria was 7.00
ug/L and "dry" standard was 5.00ug/L.
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water emanating from land. The “dry” standards apply to coastlines where less than 3 million
gallons of freshwater enter the sea per day (mgd) per shoreline mile and “wet” standards apply to
those coasts where more than 3 mgd of freshwater enter per shoreline mile. The amount of
freshwater (as ground or surface flow) entering the sea along the North Beach project site is
unknown, but is assumed to be less than 3 mgd per mile thus the more conservative standards
apply to this coastline. There are no standards for coastal brackish water monitoring wells.

Table 2 presents the water quality standards for open coastal waters under both “wet” and
“dry” regimes. The meeting of standards are determined by obtaining the geometric means of
either a series of samples collected from adjacent sites at one point in time (as done herein) or
from a single sample site at different points in time. These geometric means are then compared
to the state standards for each parameter. However, exceeding the standard does not necessarily
imply a problem; a number of parameters will often exceed criteria on completely undeveloped
coastlines. In recognition of these problems, the Department of Health has funded research for
the development of regional standards for the West Hawaii coast (Dollar, Brock and Smith 1995)
which have been implemented as well as for the parameter ammeonia nitrogen (Brock and Kam
2000). The results of the ammonia nitrogen study are presently under review by state and federal
(US EPA) agencies.

In the 16 November 2010 dry peried survey, the geometric means for nitrate nitrogen, total
nitrogen and chlorophyll-a were out of compliance with state dry standards measured at stations
offshore of the North Beach parcel (Table 1). The geometric means of parameters collected
offshore of the Kahoma control site on 16 November 2010 found nitrate nitrogen, ammonia
nitrogen, total nitrogen, turbidity and chlorophyll-a not meeting state water quality standards.

In most past surveys, there are usually more parameters out of compliance at control stations
relative to the stations fronting North Beach (Table 3). Table 3 presents the geometric means by
date for those water quality parameters for which state standards apply (here nitrate nitrogen,
ammonia nitrogen, total nitrogen, total phosphorus, turbidity and chlorophyll-@) divided into two
groups (the Kahoma controls and stations fronting the North Beach site). These data are
presented by date for each group and in the body of the table are given the geometric means for
each parameter. Geometric means that exceed the “dry” open coastal water quality standards are
underlined in this table. Referring to Table 3, there have been 182 times that a parameter was out
of compliance at control and/or at stations fronting North Beach. On five of these occasions this
noncompliance occurred at stations fronting North Beach only but on 43 occasions the
noncompliance occurred at control stations only and with the remainder (here 67 occasions) was
the noncompliance at both control and North Beach stations. Thus noncompliance occurred with
the same parameter at both station groups 74% of the time. Where noncompliance occurred with
both station groups for a parameter (67 occasions), the noncompliant geometric means were
greater at the control stations (48 times) relative to stations fronting the North Beach
development (here 19 times) resulting in greater geometric means at control sites in 72% of these
cases. If inputs from the North Beach project site were entering the ocean in greater
concentrations relative to the inputs occurring at control site stations, then the concentrations
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TABLE 3. Summary of Geometric Means by sample date for marine stations offshore of North Beach
and for the Kahoma control stations. Only parameters with standards are given and underlined geomelric
means exceed state open coastal water standards for 'dry* coastlines.

Part A. North Beach

Date Nitrate Ammenia  Total Total  Turbidity Chlorophyll
N N N P NTU o
Feb-01 1.17 332 11897 189] 038 0.288
Aug-0l 1.08 0.69 133.4 12.05 013 0.207
Dec-4 198 1.94 139.34 1091 017 0.35
Feb-02 .12 0.69 105.55 11.47 025 0215
Aug-02 2,61 1.20 165.1% ©.00 0.11 0.150
Feb-03 115 436 18793 9.96 .15 0,246
Sep-03 L.e4 ©.62 21184 8.27 0.17 0,166
Jan-04 3.07 1.42 11777 835 038 0250
Mar-04 0,90 0.29 15437 9.63 0,25 0223
Aug-04 536 0.55 93.41 9.77 0.13 0.229
Feb-05 1.95 1.10 135.93 9.70 0.1 0.226
Aug-05 6713 265 03 10,49 0,13 0.184
Feb-06 499 1.63 12602  §.85 038 0178
Mar-06 527 0.54 97.59 10.83 a.22 0231
Auvg-06 385 0.81 164.61 12.87 915 £325
Qct1-06 6.70 4.74 168.54 13.69 .23 0324
Nov-06 1.50 1.73 129,30 lag 414 0170
Feb.07 0.17 0.57 81.42 t4.16 0.12 0.122
Aug-0? 2.00 1.60 140.84 9.71 0.13 0,191
Dec-07 597 7.83 43,65 11.11 127 0193
Feb-08 332 0.78 154.70 12.34 022 0.196
Aug-08 419 0.40 11932 11,90 020 0.356
MarG% 223 136 12533 1.97 0.15 0230
Aug-09 2,14 0,72 1i2.1¢ 10.15 0.15 0.175
Apr-10 2.40 3.57 101.21 8.26 025 0175
Nov-10 4.04 4.99 14897 12.83 0.17 0212
Part B, Controls
Date Nitrate Ammoniz  Total Totai  Tucbidity Chlerophyll
N N N P NTU a
Feb-01 394 10.58 173,331 23,05 0.46 0.254
Aug-01 417 1.77 1673 12,83 027 0.199
Dec-01 1.7 in 150.29 12.82 041 £.333
Feb-02 517 1.21 11406 1437 872 0286
Aug-02 541 a7 139,93 8,54 429 0.197
Feb-03 2.60 1.58 185.33 10,22 03235 0219
Sep-03 0.98 443 184.06 827 0.42 0.172
Tan-04 564 310 106.22 9320 083 0172
Mar-04 194 1.10 235.62 11.90 0329 0291
Aug-04 224 1.47 10034  B.S6 024 0219
Feb-05 420 219 166,65 11.44 0.26 0.197
Aug-05 6.13 434 14415 2,90 0,19 0.202
Feb-06 573 302 12871 1059 0.69 0207
Mac-06 591 520 13732 1458 0.64 0.289
Aug-06 0.90 0.85 149.16 12.88 022 076
Qct-06 374 1278 19142 1614 073 0356
Nov-06 4381 3.26 140, 405 0.17 0.164
Feb-07 3.78 1.65 98.98 12.46 0.t4 a.119
Aug-07 429 AL 18926 2833 5.64 4470
Dec-07 7517 1424 32631 2541 432 4174
Feb-08 595 2.65 17075 1478 0.36 0243
Aug-08 2.64 0.73 123.39 11.77 {40 0.246
Mar-09 2.53 243 175.27 10.68 024 0265
Aug-09 236 2.6] 13373 1233 0.17 0.140
Apr-16 592 2765 13473 8.72 053 0.160
Nov-1¢ is 10.51 179.68 12.59 30 0.236

|
|.
|
|
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should be greater offshore of North Beach (which they are not in 72% of the geometric means)
and they should occur with greater frequency at North Beach stations. Applying a chi-square test
to these data we find:

1. There were 182 cases of noncompliance among control stations and stations fronting
the development and in 67 of these noncompliance occurred at both control stations
and stations fronting the development;

2. In 72 (i.e., 67 + 5 =72) of these instances of noncompliance occurred at stations
fronting the development and 110 instances was the noncompliance occurring at
control stations {i.e., 67 - 43 =110).

If left to chance one would expect that the 182 instances of noncompliance at control and/or
stations offshore of North Beach should occur with equal frequency thus half of the
noncompliance should occur at control stations and half at stations offshore of the development.
A chi-square test finds that noncompliance occurs a significantly greater number of times at
control site stations over stations offshore of the North Beach project site (X* = 7.9341, 1d.f,
P<0.005) supporting the contention that the development is not increasing the lack of compliance
with state open coastal water quality standards in the waters fronting the project site.

Finally, only on five occasions since 2001 has a parameter been out of compliance in the
waters fronting the project site and not so at the control stations. In August 2004, August 2006
and August 2008, nitrate nitrogen was out of compliance fronting North Beach and in January
2004 total nitrogen was out of compliance at North Beach stations but in compliance at the
control stations. In the August 2009 survey the parameter chlorophyll-a was out of compliance
at stations fronting the North Beach project site but in compliance at the control stations fronting
Kahoma Stream,

Despite high rainfall, few geometric means from sites fronting the North Beach parcel are
usually out of compliance relative to those fronting the Mala Wharf control site. In November
2005 five days after a 6-inch in 24 hours rainfall event, total nitrogen and chlorophyll-a were out
of compliance at stations fronting the development while at control stations, nitrate nitrogen,
ammonia nitrogen, total nitrogen and chlorophyll-a did not meet state standards. In October
2006 four days following a S-inch rainfall event, nitrate nitrogen, ammonia nitrogen, total
nitrogen, turbidity and chlorophyll-a did not meet state standards at stations fronting North Beach
while all of these same parameters as well as total phosphorous were out of compliance at control
stations. In the 28 March 2006 survey which occurred three days following a 11.70-inch rainfall
event, nitrate, turbidity and chlorophyll-a did not meet state standards while at control stations
these same parameters as well as ammonia nitrogen, total nitrogen, total phosphorus were out of
compliance. Following the 15.48-inch rainfall event occurring 4 days prior to sampling, the
geometric means of only three parameters (total nitrogen, turbidity and chlorophyll-a) were out
of compliance on 9 January 2004 in the waters fronting the project site. The geometric means for
nitrate nitrogen, ammonia nitrogen, total nitrogen, turbidity and chlorophyll-a from samples
collected offshore of the Kahoma Stream control area were out of compliance in the January
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2004 survey as they have been in most surveys carried out since February 2001 (Table 5).
However, the most recent high rainfall event (12.0 inches over 5-7 December 2007 with
sampling following on 8 December) resulted in an almost equal distribution of noncompliant
parameters between sample sites fronting North Beach (noncompliant parameters = nitrate,
ammonia, total nitrogen, turbidity and chlorophyll-a) to those fronting the Kahoma control site
(noncompliant parameters = nitrate, ammonia, total nitrogen, total phosphorus, turbidity and
chlorophyll-a) suggesting that (1) noncompliance among parameters is due to inputs from land
via runoff and (2) much of the noncompliance occurs on a coast-wide basis following these
events, The December 2007 and February 2008 data from the two additional control sites
(Honokowai and Black Rock, Tables 1 and 2) also support the above conclusions (see Brock
2008).

Ten sites fronting the North Beach project area were sampled in September 1992 during low
surf (clear water) conditions. At that time, ammonia nitrogen, total nitrogen and chlorophyll-a
were out of compliance with the standards. These data suggest that despite the presence or
absence of surf, high rainfall or nearby development, water quality parameters have been out of
compliance along this section of coast from the time preceding development on the North Beach
parcel when the adjacent hinterland was in agriculture. Natural events/factors may influence the
measured concentrations of parameters, e.g., surf often appears to influence the local turbidity
levels. As noted above, it is not unusual to have parameters out of compliance with state
standards. For example along the largely undeveloped coastline of Lana’i Island, ammeonia
nitrogen has been out of compliance with the open coastal dry standard on 37 of 61 sampling
occasions over a eighteen-year period (Brock 2007).

In 1989 water quality was sampled in the area around and north of Mala Wharf. Samples
were taken fronting Kahoma Stream commencing 8¢ m from shore and seaward of this. Two
surveys were done; the first during a dry, low rainfall period and the second following a 858 mm
(3.38-inch) in 24 hours rainfall event. During the dry period only chlorophyli-a was out of
compliance; following the heavy rains, nitrate nitrogen, turbidity and chlorophyll-a were out of
compliance. If sampling had included the waters adjacent to shore as in the present series of
surveys, undoubtedly more parameters would have not met state standards.

It is important to note that State standards for open coastal waters are frequently exceeded for
many water quality parameters irrespective of the presence of nearby coastal development.
Brock and Kam (1989) found that under dry conditions nitrate nitrogen concentrations are equal
to "dry" criteria for waters fronting Lahaina, Maui (a developed area) and that chlorophyll-a
exceeded the "wet" criteria; following a heavy rain (858 mm or 3.38 inches over a 24-hour
period), nitrate nitrogen, turbidity and chlorophyll-a all exceeded state standards (Brock 1990a).
At Mahukona, Hawaii an area with little surrounding development, both chlorophyll-a and
ammonia nitrogen exceeded DOH "dry" standards (Marine Research Consultants 1989, Brock
1990b). An ocean water quality monitoring program has been in place at the Natural Energy
Laboratory of Hawaii Authority (NELHA) at Keahole Point, Hawaii since 1982. The waters
offshore of Keahole Point are considered to be pristine; the presence of high quality deep ocean
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water adjacent to shore was an important factor in locating the NELHA facility there. The long-
term mean for ammonia nitrogen at Keahole Point is 5.04 ug/L which exceeds state "dry" stan-
dards. The fact that pristine Kona waters exceed state standards for ammonia nitrogen suggests
that the standard may be unrealistic and too stringent. Other long-term means from NELHA are
similar to or are greater than the concentrations of nutrient species from the North Beach area in
the most recent (November 2010) survey; nitrate NELHA = 2.80 ug/L, North Beach = 4.04 ug/L;
orthophosphate: NELHA = 4.96 ug/L, North Beach = 3.31 ug/L; ammonia nitrogen: NELHA =
5.04 ug/L, North Beach = 0.99 ug/L. The NELHA data are courtesy of the University of Hawaii
Analytical Services Laboratory.

In summary, these data suggest three points. The first is where the geometric means exceed
state standards at stations fronting the North Beach (SVO Pacific) project site, they also exceed
the standards at the control stations. This suggests that the causal mechanisms and lack of
compliance with the standards is a coast-wide phenomena, not something happening
differentially at just the stations fronting the development. Secondly, rainfall can increase the
measured concentrations of many materials in coastal waters but these increases (if they happen)
are transitory, with usually rapid dilution and advection out of the area which quickly decreases
measured concentrations. Lastly, periods of higher surf (as occurred in February 2001} will
result in more parameters being out of compliance than occurs during periods of low surf as
occurred at the February 2007 survey when all parameters were in compliance at sites fronting
the North Beach development. At this point, the lack of compliance in the surveys to date
appears not to be related to the ongoing development at North Beach.

D. Rainfall and Concentration Gradients

In most Hawaiian settings, rainfall is seasonal with the peak falling in the November-
February (winter) period and most of this usually occurs in short 1 to 5 day periods. Heavy
rainfall causes surface runoff which is a mechanism transporting materials to the ocean. Since
the commencement of the North Beach monitoring program, there has been six significant high
rainfall events (defined here as rainfall in excess of 4 inches in 24 hours) after which sampling
occurred. The first occurred on 6 December 2001 where 5.77 inches in 24 hours was measured
at the project site gage on 29 November 2001, the second occurred on 5 January 2004 where
15.48 inches fell in 24 hours as measured at the nearby Mahinahina gage, the third on 23-24
March 2006 when 11.70 inches was recorded at the project site gage. The fourth event took
place on 16 October 2006 when 5.0 inches was measured at the gage on the project site; the fifth
occurred on 2 November 2006 when 6.0 inches was recorded at the project site gage. The most
recent (sixth) high rainfall event occurred over 5-7 December 2007 when a total of 12.0 inches
fell at the project site gage.

Sampling following rainfall events at many locations around the Hawaiian Islands has shown
that the concentrations of a number of parameters will be greater particularly adjacent to shore,
thus concentration gradients are seen suggesting that the source of this material is from land due
to runoff (Brock and Kam 1999). In these situations, salinity is often depressed close to shore
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and some parameters (ammonia nitrogen, nitrate nitrogen, silica, turbidity and chlorophyll-a) will
be greater. Inspection of the data in Table 1 (see also previous reports) generally shows these
gradients of concentration for several parameters, i.e., nitrate nifrogen, ammonia nitrogen, total
nitrogen, orthophosphorous, silica , turbidity, salinity (depressed near the shoreline), and
chlorophyll-a. These gradients are not always clear-cut but are sometimes masked by near shore
mixing processes resulting in parameter concentrations that are greater away {rom shore over
those measured at the shoreline. A case in point is with nitrate nitrogen in the March 2006
survey where fronting the Kahoma control site, the shoreline sample was 5.55 ug/l and the
sample collected 200 m from shore (sample no. 6) was measured at 23.33 ug/l. At the same time
salinity as 0.669 ppt less in the shoreline sample than in the offshore sample suggesting that
freshwater input was occurring right along the shoreline but mixing was not uniform or other
sources of nitrate are occurring (see discussion below).

The usual higher concentrations adjacent to shore that decrease in a seaward direction are
related to the natural input of storm water runoff and/or efflux of groundwater from land. These
natural inputs from land are responsible for the geometric means of some parameters often
exceeding state water quality standards especially for "dry" coastlines even during period of little
or no rainfall. Both silica and nitratet+nitrite nitrogen usually exist in high concentration in
groundwater owing to metabolism of organic material and mineral dissolution; these ions are in
low concentration in open ocean waters and hence they (along with salinity) may serve as tracers
for freshwater (groundwater or stream) input into oceanic settings.

High turbidity in the marine environment following heavy rainfall is a natural event. Indeed,
the study of Inman et al. (1963) noted on Kauai that beaches of the dry leeward coastlines
contained significantly greater proportions of land-derived sedimentary constituents than did the
beaches of the wet, windward coasts of the island which had a greater proportion of coralline
derived sediments. In this case, the wet regions have excellent vegetative cover to hold the soil
in place during heavy rainfall whereas on the semi-arid lee coasts, runoff from an equivalent
rainfall event carries a greater sediment load to the ocean. Most of the West Maui coastline is
arid and receives 15 inches or less of rainfall per year. In addition, the cultivation of sugar which
occupied much of the land around Lahaina for the last century has recently ceased and many of
the fields now lay fallow. However, recently some of the fields have been replanted and/or
natural scrub vegetation has become established that assists in holding the soil in place during
rain events. Vegetative cover on many fields is incomplete; this coupled with a high rainfall
event could result in considerable terrigeneous input to the marine waters fronting Lahaina and
Kaanapali. This occurred following the December 2001 and January 2004 rainfall events and
was most evident offshore of the Kahoma Stream control site.

E. Statistical Comparisons and Impact of Development on Water Quality
There have been twenty biannual and six after high rainfall surveys completed to date where

water quality samples were collected at 21 sites fronting the North Beach development as well as
at 7 locations offshore of Kahoma Stream which serve as the control in this study. In its first
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phase, SVO Pacific, Inc. developed and completed slightly less than 14 acres of the North Beach
parcel. The adjacent ~11.5-acre lot has been developed and construction has commenced on Lot
3 while another entity is finishing development of the fourth (northermmost) lot (~43.2 acres).
The approximate areas are: Kahekili Beach Park = 3.6 acres, SVO Pacific Phase 1 site = 14
acres, SVO Phase 2 site = 11.5 acres, Lot 3 now awaiting development (26.7 acres) and Lot 4
(now completing construction) is 43.2 acres (total North Beach parcel is ~98.998 acres). As
noted above, the public park and SVO Pacific Phase | and 2 sites are developed (encompassing
29.4% of the total} and approximately 69.898 acres (or 70.6% of the total) are presently or will
be undergoing development. Has this development had an impact on the quality of the receiving
(ocean) waters? This question is addressed by comparing the means of the parameters measured
at sites fronting the development to those sites away from the development (i.e., the control
sites). Applying the nonparametric Wilcoxon 2-Sample Test to the combined twenty biannual
and six “wet” period field data sets, we find that statistically significant differences exist
between the means of parameters from control sites (n=182) to those fronting the development
(n=546) for nitrate nitrogen (North Beach = 5.45 ug/l; control = 11.37 ug/l), ammonia nitrogen
(North Beach = 2.26 ug/l, control = 7.06 ug/l), total nitrogen (North Beach = 136.31 ug/l, control
= 159.78 ug/l), orthophosphorous (North Beach = 3.83 ug/l, control = 4.80 ug/l), total
phosphorus (Nerth Beach = 10.85 ug/l, control = 13.40 ug/l}, silica (North Beach = 133.40 ug/l,
control = 268.94 ug/l), salinity (North Beach = 34.776 ppt, control = 34.058 ppt), turbidity
(North Beach = 0.29 NTU, control = 1.23 NTU), percent saturation of dissolved oxygen (North
Beach = 99.0%, control = 97.0%), and pH (North Beach = 8.14 units, control = 8.08 units). Two
parameters showed no statistically significant differences between control sites and sample sites
fronting the development; these were for chlorophyll-a and temperature. All parameter means
except for salinity, percent saturation of dissolved oxygen and pH are significantly greater at
control sites relative to sites fronting the Kaanapali project area. These results are presented in
Table 4. The differences in the means between project site and control for salinity, dissolved
oxygen and pH are trivial from a biological perspective.

The question “Have the completed and ongoing portions of the development at the North
Beach parcel had a statistically discernible impact on water quality by increasing concentrations
of parameters through time in the waters fronting the Kaanapali project area?” can be addressed
using a combination of the nonparametric Kruskal-Wallis analysis of variance (ANOVA) and the
Student-Newman-Keuls (SNK) Test to detect these differences. The Kruskal-Wallis ANOVA is
used to detect significant differences in the means of parameters by date. However, this test does
not separate out which sample periods differed significantly from the others. At sites fronting the
North Beach parcel, the Kruskal-Wallis test found significant differences among all parameter
means by date as given in Table 5. However, to detect where the significant differences are
among parameter means, the SNK test was used and these results are also given in Table 5.
Applying the SNK Test to these data, we find that in the November 2010 “dry” period survey
that none of the November 2010 means were significantly greater or statistically separable
among the 26 sample dates (Table 5). Although not statistically separable, the November 2010
mean for salinity was the highest recorded to date and the November 2010 mean for silica was
the second highest to date. With all other parameters the November 2010 means for all
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TABLE 4.  Results of the Wilcoxon 2-Sample Test comparing the means for each Department of Health
parameter between samples collected in the area fronting the North Beach project site to those offshore of Kahoma
Stream serving as the control area for this study addressing the question " Do the means of parameters measured

at sites fronting the Kaanapali project site differ significantly from those collected at the Kahoma control stations?"
Data from twenty-six sample dates are combined. All values in the body of the table are in ug/l unless otherwise

noted.

North Beach Control Area Significantly

Parameter N Mean N Mean Different?

Nitrate N 546 5.45 182 11.37 YES (P<0.0001)
Ammonia N 346 2.26 182 7.06 YES (P <0.0001)
Total N 546 136.31 182 159.78 YES (P <0.0001)
Orthophosphorus 546 3.83 182 4.80 YES (P <0.0001)
Total P 546 10.85 182 13.40 YES (P <0.0001)
Silica 546 133.40 182 268.94 YES (P <0.0001})
Salinity (ppm) 546 34776 182 34058 YES (P <0.0001)
Turbidity (NTU) 546 0.29 182 1.23 YES (P <0.0001)
Chlorophyll-a 546 0.244 182 0.256 NO
Temperature ('C) 546 24.9 182 24.9 NO
Oxygen (% Sat) 546 99 182 97 YES (P <0.0001)
pH (Units) 546 8.14 182 8.08 YES (P <0.0001)
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TABLES.  Results of the Kruskal-Wallis ANOVA comparing the means for each Department of Health parameter

on twenty-six dates for samples collected in the area fronting the North Beach project addeessing the question, "Are

there any significant differences in the means from each survey period?” These results (significance) are shown next o

the parameter name with any P value less than P<0.05 being significant. SNK Test results are shown below this separating
out which survey period means differ significantly from others. In this case, Boldface letters with the same designation
show means and sample dates that are related; changes in letter designation show where significant differences exist.
Overlaps in the Jetters indicate a lack of significant differences and in such cases, only the extremes may be significantly
different. All means are ug/l unless otherwise noted. Note that the high rainfall pericds were in November and December

2001, January 2004, March, October, November 2006 and December 2007, Table continued on the next two pages.

Nitrate Nitrogen (P<0.0001)

Ammonia Nittegen {B<0.0005)

Date Mean Date Mean
Aug-03 1417 A Dec-07 996 A
Dec07 12.10 A B Feb-0l 639
Aug-04 158 A B c Oc1-06 6.00
Dec-01 10.74 A B < Apr-10 532
Qet-06 87 A B c Aug-05 am
har-06 832 A B [+ Nov-06 249
Aug2 7.82 A B c Dec-0f 246
Aug-06 4.58 A B [ Aug-02 1.93
Aug-08 589 B C Feb-06 190
Feb-06 570 B [ Aup-07 184
Nov-10 474 I [ Jan-04 1.76
Jan-04 +.59 ] C Mar-09 1.56
Feb0B 447 B C Nov-18 145
Nov-06 412 1] C Feb+02 135
Sep-03 39 B C Feb.0% 123
Aug-07 347 B c Mar-06 il
Aug-09 345 B C Scp-03 109
feb-01 343 B [ Avg-06 1.07
Feb-05 3.19 B [ Aug-09 1.07
Apr-{Q ki) B C ¥eb-03 100
Mer-09 30 [ Feb-07 055
Feb-07 219 C Aug-08 052
Mar-04 2,19 C Aug-01 020
Feb-03 247 C Mar-04 0,72
Feb-02 207 C Ang-04 0,72
Aug-01 1.55 C Feb-03 664
Tolal Nitrogen {P<0.¢001) Crihophospharus (P<0.0001)
Date Mean Date Mean
Sep-03 2E3.78 A Pec-07 £.00 A
Feb-03 138.94 B Feb-01 565 A
Aug-02 17048 C Feh-06 184 A
Aug-06 166.5% C D Feb-07 4.81 A
Qet-06 I64.01 C D E Dee-0L 477 A
Mar-04 163.25 C D E Mar-06 466 A
Feb-08 156.10 F c D E Jan-04 4.60 A
Nov-}0 149.83 F G [ D E Feb-02 158 A
Dec-07 14836 F G C 2] E Aug-06 443 A
Dec-01 145.43 F G [ 4 E Sep-03 440 A
Aug-07 144.37 F G c D E Aug-09 431 A
Feb-05 140.94 F G " ] E Mar-04 4.16 F
Aug-0t 137.11 F G b E Feb-0B 411 F
Nov-06 13113 F G i 1 Aug-07 4.06 F
Mar-09 126.86 G n 1 J Ang-05 364 F
Feb-06 12645 G | 1 J Noy-10 353 F
Feb-0L 122.66 K G H 1 I Aug-08 33 F
Jan-04 t21.03 K G " 1 I Feb-05 330 F
Aug-08 §2023 K G u I J Apr-10 326 F
Aug-09 112,75 K It I J Oet-06 294 F
Feh-02 107,57 K L i J Feb-G3 286 F
Aug-05 106.68 K L 1 g Aug-02 254 F
Apr-10 102,86 K i 1 J Mar-09 241 F
Mar-06 2995 X L J Aug-01 227
Aug-04 95.09 K L Aug-04 216
Feb-07 RL6O L Nov-06 197
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TABLE 5.

Continued.

Date
Feb-01
Feb-07
Ocl-06

Aup-06
Nov-10
Feb-08
Aug-01
Aug-0%
Dec07
Feb:02
Aug-05
Dee-01
Mar-06
Aug-09
Feb-05
Aug04
Feb-03
Aug07
Mar-04
Aup-02
Feb-06
Apr-10
Jan-04
Sep-03
Mar-02
Nov-06

Dale
Nov-10
Mar-69
Feh-03
D01
Apr-l0
Aug-09
Feb-03
Aug-08
Aug0l
Feb-06
Aug-07
Feb-01
Sep-03
Aug-02
Nov-06
Oct-06
Jan-04
Feb-05
Aug-06
Dec-07
Mar-06
Feb-02
Aug-05
Aug-04
Feb-07
Maor-04

Tolal Fhosphoms (P<0.0001}
Mean
19.54
4.7
12.86
12.02
1298
1246
12.02
11.93
13.02
11.51
11.04
10.98
1097
10.35
10,23
10.10
958
9.77
9.77
9224
9.k
9.il
B43
B3l
8.04
350

Salinity (ppm)(P<0.00C1)
Mean
35060
35049
35013
34992
24964
34957
14943
34889
34866
34849
34848
34842
34816
34816
34802
34793
34729
34701
34681
34629
34579
34573
34872
34305
34489
342E4
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Date
Mar-04
Nov-10
Aug-09
Aug-02

Feb-01
Aug-01
Avg-04
Aug-03
Dec07

Oce-06
Apr-10
Auvg-08
Dee-01

Feb-02

Feb-08
Maz-09

Sep-03
Aug-06
Aug-07
Feb+06
Feb03
Feb-07
Feb-05

Jon-04
Mar-06
Nov-06

Date
Dec-07
Jon-04
Feb-06.
Feb-01
Feb-02
Mar-04
Apr-10
Cx1-06
Feb«D3
Mar-06
Dee-01
Aup-08
Feb-05
Mur-09

Nov-10
Nov-06
Sep-03
Feb-03
Aug-06
Ang-01
Aug-07
Aug-09
Avg-04
Feb-6?
Aug-05
Aug-02

Silicaie (P<0.0001)
Mean
297.64
178.13
176.54
L7451
170.00
165.12
150.34
148.86
[43.93
13293
£3533
3486
13441
i25.03
115.51
11337
11240
169.75
106.72
104.40
16287
97.10
95.24
94660
9197
4528

Turbidity (NTU} P<0.0001
Mean
152
A.59
0.5%
0.53
.39
0.31
0.30
027
0.26
0.24
022
020
020
0.19
0.19
0.8
0.18
0.18
0,t7
0.:6
0,55
0.5
0.14
0.14
.13
el
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TABLE 3.

Continued.

Date

Dee-H
Auvg-G8
Aug-06
Oct-06
Feb-0t
Feb-03
Jan-04
Aug-01
Mar-09
Mar-04
Feb-05
Mar-0G
Aug-04
Feb-06
Dec-07
Feb-02
Nov-10
Aug-07
Feb-08
Aug-05
Apr-1Q
Aug-09
Nov-06
Sep-03
Aug-02
Feb-07

Bate
Aug-02
Aug-03
Avg-01
Sep-03
Nov.06
Aug-08
Aug-05
Oct-06
Aug-09
Aug-06
Dee-01
Aug-07
Nov-10

Jan-04
Feb-06
Dec-07
Mur-06
Apr:10
Feb-08
Feb-07
Feb-01
Feb-02
Feb-D3
Feb-03
Mar-03
Mar09

Chlorophyll-a (P<0.0001)
Mean
04E0
0333
0348
2334
0332
0285
0.275
0.271
0.248
0243
0242
0.235
0.230
0229
0224
0221
0218
0210
0205
0.194
0.182
i
0.573
071
0,167
0131

Temperature {'C) P<0.0001
Mean
279
273
212
270
263
260
259
259
257
155
5.2
251
5.1
248
4.0
241
29
219
238
238
23.7
35
233
233
232
23.2
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Feb-01
Feb-02
Mar-04
Dec01
Aug-01
Aug-02
Augd7T
Nov-06
Aug-05
Feb-03
Aug-04
Sep-03
Jan-04
Feb-07
Aug-05
Mar-06
Feb-05
Aug-09
Maer-09
Nov-10
Feh-06
Oc1-06
Ape-10
Feb-08
Aug-08
Dec-07

Feb-01
Feb-00
Mar-04
Mar-09
Dec-07
Aug-05
Aug-0L
Aug-02
Jan-04
Nov-1¢
Sep-03
Dec:01
Feb-03
Mar-06
Oce06
Apr-10
Feb-D5
Auvg-02
Naov-06
Feb-07
Aug-0?
Feb-02
Aug-CB
Aug-G6
Feb-08
Aug-03

% Qxygen Saturation (P<0.0001)
Mean
1014
L4
1011
1010
1005
1605
1005
100.5
100.5
1004
100.2
100.1
99.6
9.6
995
9.2
99.2
992
9.0
98.6
98.1
97.8
97.8
20.5
926.0
916

pH (units) P<0.000}
Mean
837
8.22
32l
8.21
8.2
218
&17
£.17
817
B.16
813
8.14
813
8.13
8.13
8.12
812
8.11
B
810
8.t0
8.09
8.09
8.00
.06
803
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parameters ranged from the upper third to the lower third of the their respective range of values
encountered previously fronting the project site. The November 2010 mean for salinity (here
35.060 ppt) would not have any negative biological impact. Most means showed considerable
overlap among the different dates indicating a lack of significant differences among them (Table

5).

Referring to Table 5, with respect to clear statistical separation (i.e., without overlap) among
the means for parameters measured in the waters fronting the North Beach project site, the SNK
test found the December 2007 means for ammonia nitrogen to be significantly greater than all
others and the means for the February 2001, October 2006 and April 2010 surveys to be
significantly greater than all remaining dates. The mean total nitrogen value in September 2003
was significantly greater than all others followed by the February 2003 mean which was
significantly greater than all others all of which were related due to overlap. The February 2001
mean for total phosphorus was significantly greater than all other dates while the November 2006
survey mean was significantly less than the all other dates. The March 2004 mean for silica was
significantly greater than all other dates again all of which were related due to overlap and since
silica is elevated in groundwater, the mean salinity for the March 2004 survey was significantly
less than all other dates. Silica and salinity are inversely related. The December 2007 mean
turbidity was significantly greater than all other dates otherwise the remaining means were
related due to overlap among them. The percent saturation of dissolved oxygen showed some
statistical separation among some dates; specifically the mean for December 2007 was
significantly lower than all other dates all of which were related due to overlap. Despite this
statistical separation, these data have no impact on the biological resources because the range in
mean percent saturation of dissolved oxygen is from 101.4% to 91.6% which is well within the
values normally found in Hawaiian coastal waters. Mean temperatures among the various
sampling dates showed some statistical separation but these differences are due to seasonal
changes and again are in the normal ranges encountered in Hawaiian waters. Finally, some
statistical separation exists among the survey means by date for pH; the February 2001 mean pH
was significantly greater than all other dates while the August 2004 survey mean was
significantly less than all others. However, the range of values (8.37 to 8.03 units} is similar to
those found elsewhere and would have no impact on biota. Other than these noted differences,
there is no evidence among the means of parameters over the 26 surveys suggesting any
chronological order to observed concentrations other than means are often greater following
rainfall than are found during the normal dry period surveys. These data suggest that the water
quality data collected from the waters fronting the North Beach parcel during the most recent
survey is not unusual.

The same statistical tests (i.e., Kruskal-Wallis ANOVA and SNK Test) were utilized to
statistically separate means by date for the data from the control sites over the 26 survey periods.
The results of these tests are given in Table 6. As given in Table 6, the Kruskal-Wallis test noted
significant differences among the means by date for all parameters. Again and similar to the
results from data collected fronting the North Beach project site, despite statistical separation
there is no evidence of increasing concentrations with time but sample periods with greater mean
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TABLE 6.  Results of the Kruskal-Wallis ANOVA comparing the means for each Department of Health parameter

on twenty-six dates for samples collected in the area fronting the Kahoma Stream control site addressing the question, "Are
there any significant differences in the means from each survey period?" These results (significance) are shown next to the
parameter name with any P value less than P<0.05 being significant. SNK Test results are shown below this separating
out which survey perod means differ significantly from others, In this case, Boldface letters with the same designation
show means and sample dates that are related; changes in letter designation show where significant differences exist.
Overlaps in the letters indicate a lack of significant differences and in such cases, only the extremes may be significantly
different. All means are ug/l unless otherwise noted. Note that the high rainfall periods were in November and December

2001, January 2004, March, October, November 2006 and December 2007. Table continued on the next two pages.

Witrate-Nitrogen {P<0.001) Ammoniz-Nirogen (F<0.0001)
Date Mean Date Mean
Dec 7 149,19 Apr=10 23599 A
Mar-04 127 B Out-06 19.53
Feh-0} 10.44 B Nov-10 1682
Aug05 995 B Dec-07 1532
Mar-06 838 B Feb0l1 15.14
Fe-02 11 B Aug07 1044
Dez01 113 B Augd5 7.2t
Feb07 703 E Mard6 7.i2
Feh08 690 B Sep03 6.96
Apr-10 6.50 B Nov-Dd 591
Jan-04 546 8 Dec-0L 559
Nov-06 6.26 B Aug02 505
Feb-06 620 B Feb-08 439
Mar-09 595 B Jan-04 375
Aug02 562 B Mar09 363
Aug-01 532 B Feb-08 345
Feb-05 528 B Aug0] i
Aug07 483 B Aug04 332
Oel-06 121 13 Feb-02 3.08
Nav-k0 4.14 B Aug09 281
Aug-09 334 B Feb-G3 2.51
AugD§ 320 B Feb05 240
Feb-03 291 B Mer-04 232
Aug-08 235 B Feb-07 1.3
Aug-06 164 B Aug08 1.80
Sep03 129 B Aug-06 1.42
Total Nitrogen {P<0.0001) Ornthophesphorus {P<0.0001)
Date Mean Daie Mean
Dee07 380.92 AugH7 941 A
Mar-04 23530 B Doc07 169 A
Out-06 196.58 B c Feb-01 740 A
Aug-07 19t.58 B C Mar-06 726 A
Feb-03 18786 B C Feb06 633
Sep-03 185.86 B C Feb-02 625
War-09 18208 B < Feb-07 583 F
Noy-10 181.26 B < Mar-d 569 ¥
Feb01 15.12 B c Jan-04 5.63 F
Aug-01 176.02 B C Doe-01 546 F
Fcb-08 175.88 B c Feb-0B 338 ¥
Feb-05 170.42 B c Aug9 490 F
Aug-05 160.60 B ¢ Sep 03 489 F
Dec] 155.02 B C Aug-06 451 F
Aug-06 15032 B < Aug05 4.36 F
HNov-06 14502 B < Aug0] 421 F
Aug-02 14052 B C Feb-05 410 F
Mar-06 138.22 B [+ Feb03 amn F
Apr-10 136.00 ] [ Aug08 338 F
Aug03 135.38 B C Aug-b4 346 F
Feb-06 129.56 B C Oct-06 346 F
Aug08 $26.12 B [o4 Nov-10 2388 F
Feb02 117.62 B < Mar0% 27 F
Jam04 109.44 B [+ Aug02 2.1
AupB4 104.18 B c Nev-06 251
Feb-07 99.84 < Apr-10 1.64
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TABLE 6.

Continued.

Datc
Aug-07
D7
Feb0l
Oet08
Mar06
Feb-08
Feb-02
Dee-01
Aug01
Aug05
Nov-E0
Feb07
Aug-09
Feb-05
Aug08
Mer-04
Feb-06
Mer-09
Feb-03
Aug03

Jun-04
Aug2
Apr10
Aug-H
Sep03
Nov06

Date
Nov-10
Aug09
Aug-08
Mar-02
Feb-08
Aug-02
Decti
Sep-03
Aug-06

0106
Feb-01
Feh0S
Jan-04
Nov-06
Aug-05
Feh-06
Feb-07
Fek-03
Aug-04
Marp4
Mar-06
Aug01
FebG2
Aprl0
Aug0?
Doc0?

Total Phosplocus (P<0.0001)
Mean
33.26
2677
2519
16.70
15.19
15.10
15.10
13.15
1291
£289
1284
1249
1236
1182
11.82
11.07
10.81
16.76
16:27
992
230
8.95
8.72
859
831
406

Salinity (ppm){P<0.0001)
Mean
35116
34968
24952
34942
34900
34867
34851
34853
34802
34798
4767
34733
34683
34636
34564
34517
34477
34364
14743
Jasz
4007
33658
s
31543
31366
28201
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Dawe
Dree-07
Aug-07
Apr10
Aug-03
Mar-04
Feb-02
Mar-06
Feb-03
Feb-01
D01
Feb-06
Nov-E0
Mar-09

Aup04
Aug-09
Ang-02
Aug-05
Feb-07
Jan-04
Sep03
Feb-08
Feb05
Augd3
Nov-D6
Aug-06

Date
Aug07
D07
Feb02

Oct-06
Feb-06
Feb1i
Jan-04
Mar-06
Dea-01
Apr-10
Feb08
Sep-03
Aug08
AvgD4
Aug-02
Nav-13
Mar-04
Feb-05
Aug-01
Mur-09
Aug-G6
Feb03
Aug05
AugL9
Nov-06
Feb-07

Hiljeate (PAOOOOT}
Mean
913.80
702.20
662.40
514.00
487.40
432.80
280,50
258.40
248,60
229.50
W02.00
201.60
186,40
170.80
168.00
162.40
152.10
151.20
14250
127.80
122.80
2170
$15.80
107.2¢
76.80
53.10

“Turbidity (NTU) P<2.0001)
Mean
1362
552
.55
123
110
089
0.80
Q78
0.60
059
053
0.51
045
041
041
036
035
032
£:30
6.30
027
026
0zl
020
020
a16
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TABLE 6.  Continued.

Date
AugGT
MorG4
Ca-06
Deedll
Feb62
Mar06
Feb-0l
Feb-08
Mar-09
Nov-10
Aug-O%
Feb-06
Ang04
Feb05
Aug-02
Feb03
Aug-05
Aug0i
Drex-07
Aug06

Jan-04
Apr-10
Sep-03
Nov-06
Aug-09
Feb07

Date
Aug-02
Aug-0l
Augd4
Sep03
Aug-06

Aug0?
fugO8
Aug09
Aug05
Nov-06
Docll
Nav-10
Dec-07

Jon-04
Feb06
Feb-08
Fech03

Feh.05
Feh-02
Feb07
Feh-0i
Apr10
Mar09
Mar(4

Chiorophylhe {P<0.001)
Mcan
0576
0.267
0366
0.343
0312
0.259
0.296
0217
0z
0253
0248
0248
0237
021
0.224
0224
0213
G204
G186
0172
07l
0.176
0174
0169
Q.62
9.124

Temperature ("C) (P<5.0001)
Mean
282
70
26.%
69
269
266
2062
26.1
260
FERY
58
255
246
24.3
242
241
2490
238
237
237
236
235
231
230
222

222
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% Osygen Saturation {P<0,0001)

Date
Feb-01
AugOt
Mar-03
Aug02
Nov-06
Feb-03
Aug03%
Sep-03
Feb-07
Jan-04
Aug-04
Avg-09
Doct
Feb-02
Mur-06
Feb-05
Mar-09
Aps10
Nov-10
Cot-06
Augd7
Aug-06
Feb 06
Aug-08
Dee-07
Feb-08

aio
Feb-01
Mar-04
Mar-09
Feb-06
Aug05
Feb-05
Feb02
Jan-04
AugDl
Nov-0G:
Sep-03
Mar-06
oc-0?
Aug02
Feb-01

Feb-0¥
Apr-10
Aug-04
Dec-01
Aug06
Aug08
Avg-07
Feb.08
Aug09
Nov=10

Mean
1016
1013
1013
106.7
106.6
10¢.3
100.0
9%.6
9.6
91
990
98.8
286
984
77
976
914
966
956
956
244
934
933
220
88.4
868

pH {units}) (F-<0.0001)
Mean
230
819
817
816
B.I5
8.12
8.1t
8.10
809
808
807
8.07
8656
865
805
805
o
804
804
804
803
8.02
802
8.0t
800
790
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concentrations tend to be found during wet period surveys. For example the December 2007 wet
period mean for nitrate nitrogen was the highest to date and was statistically separable from all
other dates. Following the trends seen in the means from sample sites fronting the North Beach
development, the means from the December 2007 high rainfall event at the Kahoma control
stations were in the top four highest recorded to date for the following parameters: nitrate
nitrogen, ammonia nitrogen, total nitrogen, orthophosphorous, total phosphorus, silica and
turbidity. The November 2010 mean for ammonia nitrogen was the third highest to date but was
not statistically separable due to overlap from all other dates except for the April 2010 mean.
The only other parameter mean in the November 2010 survey that had a high concentration was
the mean for salinity which was the highest to date but statistically indistinguishable from all
other dates except December 2007. Finally the November 2010 mean for pH at control stations
was significanily lower than all others (7.90 units versus a range from 8,00 to 8.30 units).
Despite significant differences the range in mean pH values are not unusual and commonly seen
in Hawaiian waters. Other than these differences noted above, the November 2010 dry period
means from the Kahoma control stations were generally in the middle to lower third of the range.

Inspection of Tables 5 and 6 shows that the greatest parameter means are found at control
sites rather than at sites fronting North Beach except for pH (North Beach = 8.37 units, control =
8.30 units). Since runoff occurs at all intermittent streams and drains along the
Lahaina/Kaanapali coastline following high rainfall, sampling following such events results in
elevated readings at both the control sites as well as those fronting the North Beach project site.
These parallels again confirm that the construction activities at the SVO Pacific project site are
not the source of materials that result in elevated readings but the source(s) are from inputs
occurring along the entire coastline, not something differentially happening at North Beach at the
scale of sampling in this study. Comparing the parameter means for each survey between sites
fronting North Beach against the control site (i.e., Tables 5 to 6), many of the survey dates are
identical or are very close in their rankings of parameter means which supports the contention
that if a measured parameter is elevated at sites fronting the development, this same parameter
will be elevated (often to a greater degree) at the control sites. This relationship suggests that
changes measured in water quality parameters in this study are coast-wide and are not
differentially impacted by the development at North Beach. Finally, greater concentrations for
parameter means are found following high rainfall events relative to the means encountered
during dry period surveys is simply due to inputs coming from land whether it be fronting the
North Beach project site or elsewhere along the Lahaina/Kaanapali coastline.

F. Changes in Measured Nitrogen Species

The relatively high mean concentration of nitrate nitrogen at sites fronting both North Beach
and the Kahoma control in some of the surveys requires some explanation. Examination of
Table 1 in some past surveys shows a slight elevation of nitrate nitrogen at the shoreline site
fronting Kahekili Beach Park (Station §), some elevation of concentration in the waters fronting
the drainage swale on the North Beach parcel (sample site 15) as well as the shoreline site
fronting the Kahoma Control (sample site 1; see Figure 1 and Table 1). However, these elevated
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concentrations pale relative to those encountered at the three control sites sampled in December
2007 (Kahoma, Black Rock and Honokowai; see Table 1, Brock 2008 as well as Table 6 herein)
following high rainfall. Relatively high silica concentrations and a small depression in salinity at
these marine sites suggests groundwater input occurring at the time of sampling for some sample
periods. Since the concentration of nitrate is naturally elevated in groundwater relative to
oceanic waters, a concentration gradient is apparent at these sample sites. Prior to the April 2010
survey, there were no conclusive data to support the contention that treated sewage wastes from
the Lahaina Wastewater Treatment Plant (WWTP) were entering the ocean fronting North Beach
but the results of a recent study (Hunt and Rosa 2009) has demonstrated that some of the nutrient
load (nitrogen and phosphorus) seen offshore of North Beach and Kahekili Beach Park is from
treated sewage effluent disposed via deep injection wells at the nearby Lahaina WWTP. These
data are discussed in greater detail in Section H (Analysis of Nutrient Sources) below.

Nitrate nitrogen is a parameter often of concern. It can be an indicator of sewage input if
concurrent measurements of ammonia nitrogen, total nitrogen, silica and orthophosphorous are
likewise high (two to ten times greater than measured in the marine samples here) particularly at
the point of entry into the sea (here shoreline stations) which has not been the case in this study.
Groundwater may also be a source of elevated, naturally-occurring nitrate nitrogen (Marsh 1977,
Johannes 1980, Brock 2002). Despite the source, there should be an obvious depression in
salinity and an elevation in silica next to shore due to the freshwater content of the groundwater.
If the source of nitrate is from a fertilizer applied to landscaping or golf courses (urea) or from a
treated sewage source, a means of conveying these materials to the ocean are necessary. For
fertilizers, the usual mechanism is via irrigation (fresh) water which carries the dissolved
material through to the underlying groundwater and to the sea. Treated sewage effluent has a
large freshwater component. Freshwater is high in silica and will appreciably lower the salinity
at the point of entry to the sea if the input volume is sufficiently high and mixing reduced. The
salinity depression that has been measured fronting Kahekili Beach Park or fronting the
remainder of the North Beach project site has been very small (other than in the December 2007
data set) and the silica elevation has been relatively low suggesting that there is not much
freshwater entering the system that could be carrying these or other materials into the sea. As
noted above, the only lower salinity depressions (other than following high rainfall events) have
been the small depressions directly along the shoreline (stations 8, 15 and 22),

As noted above, the gradients are not always clear-cut but are sometimes masked by near
shore mixing processes resulting in nutrient concentrations that are greater away from shore often
in water with greater salinities over those measured at the shoreline. A case in point is with total
nitrogen in the March 2009 survey where fronting Kahekili Beach Park, the surface shoreline
sample (sample no.8) nitrate nitrogen was 108.36 ug/l and salinity = 34.802 ppt. The surface
sample collected 200 m from shore (sample no. 13) was measured at 175.00 ug/l and having a
salinity of 35.157 (see Table 1, Brock 2009). Frequently, samples collected further offshore may
show a higher concentration of a nutrient parameter with concurrent slightly lower salinity over
the shoreline stations. Under these conditions, inputs may not be occurring right at the shoreline
but rather further offshore, or a “cell” of high nutrient concentration water that was sampled had
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been carried in from elsewhere. These gradient reversals are not uncommon in the present data
set (see Table 1 total nitrogen concentrations for sample sites 22 through 28).

Ammonia nitrogen is a parameter often associated with the input of sewage. It is a product of
organism metabolism (excretion) and can be an indicator of sewage input if concurrent
measurements of nitrate nitrogen, silica and orthophosphorous are likewise high which has not
been the case here at the sampling scale used in this study. Ammonia nitrogen is derived from
organism metabolism (excretion), decomposition, certain fertilizers and/or sewage. If sewage is
the source of high ammonia nitrogen, silica, nitrate nitrogen and sometimes orthophosphorous
are similarly elevated particularly at the point of entry into the ocean (here the shoreline stations).
Also as noted above, there should be an obvious depression in salinity due to the freshwater
content of the treated sewage effluent/groundwater. This has not been the case with samples
collected in this study other than in the December 2007 survey where sampling following the 12-
inch rainfall event lowered salinities along the entire shoreline from Kahoma to Honokowai. If
the source of ammonia is from a fertilizer applied to landscaping or golf courses (urea), a means
of conveying it to the ocean is necessary and the usual mechanism is via irrigation {(fresh) water
which carries the dissolved material to the sea. As already mentioned, the salinity depression is
normally small to non-existent at the nearshore marine stations and silica elevation is low -
suggesting that there is not much freshwater entering the system that could be carrying ammonia
or other materials. The only two exceptions is the occasional slight salinity depression
sometimes directly fronting Kahekili Beach Park (station 8) or occasionally fronting the drainage
swale (station 15).

In terrestrial ecosystems the flux between organic nitrogen and ammonia is a dominant
dynamic process (Rosswall 1981). There are few studies that bear directly on these processes on
coral reefs. Naturally occurring local elevation of ammonia on coral reefs has been reported by a
number of investigators. This ammonia may be the result of ammonification of organic matter
(Wiebe 1985). Myer ef al. (1983) showed that fish could be responsible for some locally
elevated ammonia concentrations. High ammonia concentrations on coral reefs from completely
natural sources are poorly understood. This lack of understanding led to the Hawaii State
Department of Health funding a study to explore the source(s) of elevated ammonia nitrogen on
coral reefs. Hulopoe Bay, Lana’i was used as one of the study sites. The study concluded that
aggregated or schooling fishes may cause significant local but transient increases in ammonium;
these increases are most easily seen where water circulation is reduced as in caves (Brock and
Kam 2000).

In the past total nitrogen (TN) has been elevated at stations fronting the North Beach
development as well as at the Kahoma control station (Tables 5 and 6). The question may be
raised, what are the causal mechanisms for these increases?

As given above, total nitrogen is a measure of all forms (inorganic and organic) of nitrogen

present in a sample. If the water sample is filtered prior to analysis, the analysis will yield total
dissolved nitrogen (TDN) and if it is not filtered as in the present case, it yields total nitrogen
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(TN). Further, nitrate+nitrite nitrogen, ammonium and orthophosphorous are determined on
filtered samples thus represent the dissolved fractions. Adding the dissolved inorganic nitrogen
fractions, i.e.,

NO, + NO, + NH, = DIN (Dissolved Inorganic Nitrogen; see Smith ef al. 1987)

Again, if the total nitrogen sample is filtered yielding total dissolved nitrogen (TDN), subtracting
the dissolved inorganic nitrogen (DIN) yields dissolved organic nitrogen (DON), i.e.,

TDN - DIN =DON (see Smith et /. 1987, Sharp ef al. 2002)

In marine environments DON commonly makes up 70 to over 90% of the total nitrogen fraction
that is measured (Sommerville and Preston 2001). Our studies over the last 25 years in Hawaiian
marine waters finds that DON is above 90% of all nitrogen measured in a sample except after
rains when land derived particulate materials are washed into the sea. Under these conditions
and close to shore, DON may decrease to 70% of the total nitrogen due to the particulate input.
However, in this study as per HAR§11-54-6(B)(3) we are required to sample for Total Nitrogen
(TN) which is comprised all forms of nitrogen in the sample (i.e., inorganic and organic fractions
as well as particulate forms). Subtracting the filtered inorganic nitrate and ammonia nitrogen
from total nitrogen yields total organic nitrogen (TON) plus an unknown particulate component.
Since the particulate portion is small,

TON =TN - DIN

Dissolved organic nitrogen (DON) is a subset of total organic nitrogen (TON) thus with DON in
the expected range of 90% or more of the total nitrogen fraction, TON should be greater. In most
past surveys, TON comprises from 80 to 99% of the total nitrogen at both stations fronting North
Beach and at the Kahoma control site. Samples collected following the 12.0-inch December
2007 high rainfall event showed greater variability in TON (Brock 2009, Table 1); at stations
fronting North Beach, TON ranged from 75 to 94% of the total nitrogen present (mean = 86%).
At the three control site transects (Kahoma, Black Rock and Honokowai), TON ranged from 37
to 92% of the total nitrogen (mean = 75%). In contrast and closer to what is usually encountered
in past surveys, samples from the most recent (November 2010} dry period survey found TON to
range from 90.7 to 99.8% of the total nitrogen present at stations fronting North Beach (mean =
95.6%) while at the Kahoma control site transect, the range encountered was from 73.4 to 96.3%
of the total nitrogen present with a mean of 89.2% (Table 1). Thus the majority of the TN in
these waters is from organic sources. In marine habitats, sources of TON include the bacterial
breakdown of plant and animal protein material from organic molecules to amino acids. On
land, sources of TON include the same sources (i.e., breakdown of animals and plants) and again
require the action of bacteria (Sommerville and Preston 2001). Additionally at stations fronting
North Beach/Kahekili Beach Park, some of the measured TON may be from the relative small
input of treated sewage effluent (see Section H).
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If the changes in TN in North Beach waters were strictly from land sources, there should be an
evident gradient present with greatest concentrations in samples collected in proximity to the
carrier (groundwater or following high rainfall, surface runoff). Since lowest salinities are close
to shore, some inputs are most probably located there establishing the observed concentration
gradients. Inspection of Table 1 (Brock 2008) points such a gradient being present following the
12.0-inch rainfall event in December 2007 but is much less evident in the dry period November
2010 data (Table 1, herein) where the gradients are weak at best for stations close to the shoreline
fronting both the controls and sites fronting the development. In most previous surveys, this
gradient if it existed was poorly defined. The usual lack of a strong gradient does not support the
hypothesis that these materials are coming directly from land at during many of the surveys. In
contrast, the more evident gradients following the December 2007 high rainfall event would be
expected due to runoff from land carrying materials to the sea at all points of runoff along the
entire Lahaina/Kaanapali coastline.

Under all but the most extreme rainfall events as occurred in December 2007, the question,
“Could the source of the elevated TN be from fertilizers or treated sewage effluent used as an
irrigant at the development south and inland of the North Beach parcel? is addressed in the
following manner. Fertilizers applied to golf courses are usually comprised of inorganic forms of
nitrogen and phosphorus; the nitrogen component is usually in the form of nitrate and/or
ammonium nitrogen (inorganic forms of nitrogen) and the phosphorus is in the biologically
active orthophosphorous form. Since the majority of the TN measured in the ocean is the organic
form (i.e., TON) during dry periods with similar mean values at control and North Beach
stations, the TN present is probably not related to fertilizers applied to the Royal Kaanapali Golf
Course which is the course in closest proximity to the North Beach project site. However, under
extreme rainfall events, materials along the entire coastline are carried to the sea and the
decreased percentage of TON as seen especially at the Kekaa Point (Black Rock} transect site
(Table 1, Brock 2008) suggested input from fertilizers but the signature is lost within 100 m from
the shoreline.

What are the possible sources of this organic nitrogen in North Beach waters? As suggested
above, breakdown of algal detritus and land-derived plant materials may be one major source of
this material. It should be noted that despite the concentrations of TN in North Beach coastal
waters, these concentrations are small relative to the nitrogen concentrations measured below the
photic (lighted) zone of the mid-Pacific Ocean. Karl et al. (2001) notes nitrate/nitrite
measurements in excess of 550 ug/l which is more than twice the highest TN concentrations
measured here. Finally application of treated sewage effluent as a irrigant on turf or landscaping
or via wastewater injection wells could very well be a source of elevated organic nitrogen in the
waters fronting the project site but again, the TN concentrations are not much different and
usually less than those fronting the Kahoma control site 5.7 km to the south.

G. Analysis of Well Data

Examination of chemistry data from the six groundwater monitoring wells shows some
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interesting trends (Table 7). In general, the concentration of measured parameters is greater in
the mauka (inland) wells than seen in the makai (seaward) wells and conversely salinities tend to
be greater in the makai wells. The measured concentrations of ammonia nitrogen are relatively
high in some of the well samples which is probably related to low oxygen concentrations as well
as the presence of treated sewage effluent (see below). The monitoring wells appear to be
situated in fine terrigenous material (low porosity) which impedes water flow and gas {oxygen)
exchange. The relatively low salinities measured in the makai wells which are located close to
the shoreline provides further support to the hypotheses (1) of the presence of treated sewage
effluent (freshwater) source as well as (2) that the fine sedimentary materials in which these
wells are drilled are impeding the intrusion of seawater and exchange of oxygen.

Inspection of Table 7 shows several relevant trends; the first is the relatively high
concentrations of nitrate nitrogen, total nitrogen, orthophosphorous and total phosphorus present
in the two southernmost wells relative to the wells located further north. Concentrations have
been particularly elevated in the south mauka well (no. 6) and to a lesser extent in the south
makai well (no. 5) and less still in the middle makai well (no. 4). This elevation of
concentrations is most probably due to the following: (1) the use of treated sewage effluent from
the Lahaina WWTP for irrigation on the Royal Kaanapali Golf Course located south and mauka
of the North Beach parcel with excess irrigant traveling to the underlying groundwater and on
into the sea and/or (2) the movement of the subterranean treated effluent plume from the
injection wells located at the Lahaina WWTP carrying these materials as dictated by local
geology largely in a southerly direction prior their escapement to the sea in the vicinity of
Kahekili Beach Park. To simplify the well data, Table § presents the means of important
parameters for each of the six wells. Immediately apparent are the much greater mean
concentrations of nutrients in the south mauka and makai wells relative to the north mauka and
makai wells. The north mauka well lies within 500 feet of the Lahaina WWTP and apparently
has not been impacted by the injected effluent plume from the plant.

A second point which is evident in the February 2008 data (Table 7), is a temporary increase
in concentrations present in the north and middle wells (nos. 1, 2, 3 and 4) relative to the south
makai well (Well 5). However, no sample was collected from the south mauka well (Well 6) in
February 2008 because we were unable to find the well head which was buried under dirt and
landscaping at that time. This temporary increase in nutrients in the February 2008 survey of the
north wells may have been related to the then recent high rainfall event occurring in December
2007 which could have carried materials to the watertable below. Unfortunately both north
wells (Wells 1 and 2) were lost after the February 2008 survey due to construction. Despite this,
the hypothesis of rainfall related inputs is supported further by later data from the middle wells
which also had elevated concentrations in February 2008 subsequently decreased suggesting that
the input was transitory.

Perusal of the data from all wells in Table 7 shows spikes in concentrations which are not

present through every well on a particular date. These spikes appear in the early data also prior
to any possible sources of input from the North Beach project site were present other than the
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TABLE7.  Summary of measured concentrations in the six wells located at Nerth Beach over the fwenty biannuat survey periods. Locations of
wells are given in Figure 1; Well 1 is the north makai well, Well 2 north mauka, Well 3 middle mauka, Well 4 middle makai, Well 5 south makai, and
Well 6 is the south mauka well. "Not Sampled” indicates no sampling due fo well loss/or inability to locate the well in the heavy brush on the North
Beach parcel. All data in ug/l unless otherwise specified; ND = not detected.

Well Drate Nitrate Ammonia Total Ortho- Tolal Silica Salinity Temperature Oxygen pH
N N N P P {ppm) ['C] [%bsat]

1 Feb-01 104.58 78.26 6E6,28 14539 26722 11562,04 2029 273 29 732
Aug-01 ND 267,26 1275,12 26,41 23343 1206016 4267 264 ] 7.42
Feb-02 354 341,13 1481,48 tL18 200,26 11001,67 4174 228 40 740
Aug-02 6.74 319.90 800,24 109,93 13144 12083.596 3876 28.6 33 7.55
Feb-03 3 296,24 1902 46 104,39 107.26 12223.96 4087 26,8 3z 7.37
Sep-03 ND 32037 834,12 110,20 160,89 1163044 4252 288 39 7.17
Mar-04 Not Sampled
Aug-04 125,86 203.14 268,42 8527 151,90 D836 5895 29.1 ()1 7.31
Feb-05 101.05 149,17 1146,60 86,95 150,66 18005,76 4983 264 69 7.27
Aug-05 12.46 388,64 332,44 107,57 132.68 0731.96 7277 283 &6 7.42
Feb-06 17197 156,51 1196,58 90,15 82,15 8777.i1 5694 26.2 61 .30
Aug-06 28.38 33382 974,82 112.50 126.48 8079.11 6468 279 67 7.45
Feb-07 56.95 163.70 G65.84 10447 194.37 0563.23 4585 26.0 63 7.36
Aug-07 28.56 195,58 1302.28 £6.49 128.96 1033872 3981 279 51 71.37
Feb-08  709.91 1347 2583.56 59.26 162.61 10536.44 2328 26.4 55 122
Aug-08 Not Sampled
Mar.09 Not Sampled
Aug09 Not Sampled
Apr-10 Not Sampled
Nov-10 Not Sampled
MEAN 96.70 195.13 1177.16 100.73 155.02 1051935 4564 271 49 735

2 Feb-01 Mot Sampled
Aug-01 E72.76 26,60 257138 93,62 235,82 11444 44 1382 28.4 15 152
Feb-02 166,79 22.08 366.10 96,69 153,45 1117549 1362 25.6 34 173
Aup-02 86.85 123,34 665,70 83,60 99,82 1152592 1385 30.5 32 773
Feb-03 Not Sampled
Sep-03 $2.01 208.29 802.62 85,03 128,34 11386.69 1443 9.1 31 162
Mar-04 34.74 L1 170.38 126.46G 132.68 15342.50 1512 247 5 154
Aug03 1956 86.10 651.56 72.85 90.83 1230124 1423 30.2 n 7.63
Feb-05 4958 91.80 760.90 18.36 §23.07 1113544 1363 259 66 769
Aug-05 2940 161.56 738.08 93.31 154,69 11700.36 1339 282 52 780
Feb-06 47.10 141.7¢ 1139.%4 85.66 2618 11283.19 1322 277 59 157
Aug-06 28.52 135.36 819.84 83.27 100.44 L6181.15 1321 289 72 764
Feb-07 11049 65.50 72758 83.04 170,50 11715 1317 280 61 751
Aug-07 34.58 139.86 1249.08 73.16 107.26 11853.24 1286 283 59 766
Feb-08 9673.96 0.95 12630.94 75.98 137.33 17918.94 1615 281 59 7.06
Avg-08 Not Sampled
Mar-(¢% Not Sampled
Aug-09 Not Sampled
Apr-t0 Not Sampled
Nov-10 3584 14.00 604,94 101.06 167,40 12490.24 1196 285 42 740
MEAN 75373 87.02 1707.06 8796 13842 12204.00 1376 5.0 52 7.58

3 Feb-0L  777.14 24.92 1256.68 64,17 143.84 12563.60 1323 285 4l 744
Aug-0L Not Sampled
Feb-02 593 5508.17 11193.56 7839 1007 50 1076026 503 253 15 722
Aup-02 2343 920.78 3653,02 15221 186.62 12633.60 838 29.5 33 7.26
Feb.03 Not Sampled
Sep03 Not Sampled
Mur-04 Not Sampled
Aug-04 5.02 .47 516.04 23033 20164 16124.92 617 311 65 7.82
Feb-05  1440.65 3140 3571.26 461.63 594.89 1751241 48 26,2 67 7.48
Aug-05 37534 378 1539.36 3N.69 473.37 17804.08 395 25,8 48 7.85
Feb06 9556 20,67 107100 312.62 398.04 1819514 468 26,0 51 7.47
Aug-06 8.09 70.33 1776.60 303,59 774,38 1531699 389 26,8 G8 7.54
Feb-07 Not Sampled
Aug-07  270.20 13.58 143373 159,03 213,90 18809.56 433 279 [ 7.83
Feb-08 29134 0.24 463526 300,73 358,36 1791958 341 26.6 59 7.60
AugOB  2047.85 11.85 3235.8% 226.32 264.43 180897 3%0 282 62 7.98
Mar-09 100,77 5,74 173670 31439 348.68 1927437 498 25,1 47 .45
Aug09 170120 19.06 3371.20 308.18 31279 1831827 464 272 52 7.60
Apr-10 9.94 2422 845.18 28179 314.34 2022636 627 25.8 55 7.23
Nov-10  92.54 0.00 55328 228.78 234.67 1956528 527 27.1 st .12
MEAN  657.830 444,48 369291 15292 392,56 1687427 547 7.1 51 759
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TABLE 7. Conlimed.

Well [ate Nilrate Ammonia Total Ortho- Total Silica Salinity Temperature  Oxypen pH
N N N P P [ppm] 1€l [¥6sat]
4 Feb-01  398.30 2044 £001.70 189.:0 228.16 13315.12 643 28.7 31 7.49
Avg-0l 43286 322 £926.12 59.83 274.04 14142.00 1677 28.0 4t 170
Feb-02  3251.00 300 5913.60 7645 185.07 13557.34 1772 232 15 7.65
Avg-02 53343 16.66 §504.30 80.29 137.02 1298164 1643 303 56 7.62
Feb-03  2591.68 315 4329.92 76,75 94.55 14677.88 1525 27.0 33 7.52
Sep-03  1656.23 149 2376.50¢ 78.55 131.13 1330L.04 1537 312 38 7.56
Mar-04 373515 1.86 £383.06 104.59 110.67 15665.12 1495 24.7 68 7.65
Aug-04 13600 748 61040 78,74 10168 12640.88 1618 29.6 65 7.59
Feb-05  1595.19 1.98 2654.26 100.49 15903 14268.67 1549 26.0 69 7.51
Aug-05  1299.76 1.82 170212 3711 122.14 13907.60 1583 28.6 69 779
Feb-06 81742 18.84 1127.42 20.06 8866 14470.0t 1534 26.2 59 7.64
Aug-06 9435 8.74 T41.58 7642 11759 11089.7¢ 1617 26.9 70 7.75
Feb-07  776.5% GAG 125272 9424 16740 14309.12 1602 26.2 [ 7.48
Aug-07 53816 10.36 1175.20 35030 42284 0963.24 856 217 60 7.35
Feb-08 221E.15 13,23 399868 13593 186,00 1287575 1502 25,5 62 7.5¢
Aug-08 49450 152177 5073.04 47542 570.T 13538.12 1137 275 59 7.32
Mar-09 93859 4.19 1957.20 141,98 209,25 184,27 909 243 51 8.28
Aug-09  2484.05 14.39 3013.64 154,83 156.24 8737.69 830 274 50 7.28
Apr-10 1249.64 3262 2414.44 2742 102.30 6651.96 667 266 60 7.30
Nav-10 170450 116.66 2806.02 T69.42 77748 1070076 1144 264 3 146
MEAN 13942 90.69 279810 165.40 217.09 12599.15 1342 %1 55 7.587
5 Feb-D1  2356.90 47,04 3307.64 177,63 247,38 18978,12 1805 217 22 7.50
Augl  3068.10 7224 501088 155,31 525.76 19501.44 1330 30.0 17 741
Feb-02 Not Sampled
Aug-02 Not Sampled
Feb-03  4377.94% 1.53 6341.72 56.21 97.03 21676.20 1463 5.6 33 71.25
Sep-03  46dR.62 L.oY 592042 7359 18167 2145530 1463 35 35 .71
Mar-04 Not Sampled
Auvg-04  4987.50 47.87 6840.78 94,55 121148 22854.72 1594 29.2 69 .77
Feb-05 Net Sampled
Aug-05 Not Sampted
Feb-06 Not Sampled
Aug06 24536 3l.14 1139.30 14077 3217 15703.50 Lo0g 265 4] 737
Feb-07  119.39 132.43 1376.20 285.20 TE3.00 16370.10 1833 5.7 27 7.6
Aug07 43692 82.32 3392.48 21297 4§8.19 16059.68 339 266 55 ERE
Febn08  501.84 3299 2547.02 159.93 1024.86  16042.84 4334 256 a7 in
Aug08 5919 82996 4068.26 177.58 301.01 16126.45 930 255 55 7.4
Mar09 35077 30472 782012 280,06 L1964 1630547 tST 240 24 7.54
Aug09 4730 110.50 1348.76 236.40 65534 15290.82 ti77 253 18 706
Apr10 15264 i1.96 1345.96 18011 35216 16248.12 1676 245 17 .09
Nov-l0  403.76 61.04 1979.04 252.65 540,64 16147.32 2268 253 1% 7.03
MEAN 124574 167.63 3750.47 178.0% 555.19 17763.61 1670 164 34 732
6 Feb-01  438G.82 798 5684.28 GB7.58 T95.97 26187.56 133 282 13 6.81
Feb-01  4960.06 644 6392,96 GOB.53 74152 26497.80 1324 284 22 7.21
Aug-0l 509992 13.86 6628.70 6G6.19 116436 2573284 1330 284 17 6.95
Feb-02  35649.21 271 830%.14 657.60 781.51 24475.01 1330 26.9 43 6.80
Aug-02  3526.6] 208 8561.14 690.68 740.58 26161.24 1371 29.8 22 6.85
Feb-03  3330.28 4.83 9655.80¢ 64232 665.88 26553.52 1265 232 36 6.50
Sep-03  7214.2§ 1.94 gLi5.66 616.56 79112 25284.41 1233 284 19 6.79
Mar-04  7743.80 1.72 1252048 663.70 756.09 26796.68 1136 28.0 66 6.63
Aug-04  5549.44 3.54 7034.t6 686.34 1007.19  25349.30 1166 28.2 64 6.71
Fete05  3804.07 0.93 5916.82 658.26 801.05  25416.59 1088 216 63 6.67
Aupg-05 Not Sampled
Fel-G6 Not Sampled
Aup-06 Not Sampled
Feb-07 Not Sampled
Aug-0? 16100 14.56 1310.54 65.41 1068.19 1020068 570 289 49 G.16
Feb-08 Not Sampled
Aug-08 179 1.0¢ 2135.28 293.00 443,30 16364.51 870 28.5 56 1.24
Muar-G2 5441 7232 1840.44 379.01 41974 1992532 962 217 48 1.78
Aug-09 120419 210 1680.00 388.68 402,69 2105931 1068 28.0 24 6.91
Apr-10 1713642 3570 23895.20 91,76 135,78 5919.48 462 280 33 6.71
Nov-1D 35420 4.62 1707.58 483,91 568,54 11944,52 1356 270 55 6.87
MEAN 470690 12.09 6961.82 517.47 645.77 21492.70 1116 278 41 6.35
* NOTE; A misizke was found in preparing the April 2010 repon where nitrate for February 2003 was entered as 43,377.94 v/l but was
mensured as 4,377.94 ug/l,
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TABLE 8. Means of important nutrient parameters measured in the six monitoring wells on
the North Beach project site from February 2001 through November 2010. The approximate
locations of these wells are given in Figure 1 and the data are present in the table from north to
south and inland to seaward well locations. Three wells were drilled in proximity to the inland
boundary of the project site; these are Well 2 (north), Well 3 (middle) and Well 6 (south). Three
wells were placed roughly seaward of the inland wells near the shoreline. These are Well 1
(north), Well 4 (middle) and Well 5 (south). Note: all data in ug/l except salinity in ppt and all
data except salinity rounded to whole numbers for ease of reading; n=number of samples.

INLAND OR MAUKA WELLS

North (Well 2) Middle (Well 3) South (Well 6)
(Mauka; n=14) (Mauka; n=15) (Mauka; n=16)
NO,= 754 NO,= 658 NO, = 4707
NH,= 87 NH,= 444 NH,= 12
TN =1707 TN =2693 TN = 6962
PO,= 88 PO,= 253 PO,= 517
TP = 138 TP = 393 TP = 646
Sal = 1.376 Sal = 0.547 Sal = 1.116

SEAWARD OR MAKAI WELLS

North (Well 1) Middle (Well 4) South (Well 5)
(Makai; n=14) (Makai; n=20) (Makai; n=14)
NO,= 97 NO, = 1349 NO, = 1246
NH,= 195 NH,= 91 NH,= 168
™ =1177 TN =2798 TN = 3750
PO,= 101 PO, = 165 PO,= 178
TP = 155 TP = 217 TP = 555
Sal = 4.564 Sal = 1.342 Sal = 1.670
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Beach Park. These data suggest that materials measured in these wells during early surveys is
coming from sources inland of the project site.

Could the occasional spikes in nutrient concentrations in the later data (during construction)
be due to construction activities on the North Beach project site? The completed construction of
the Phases 1 and 2 SVO Pacific sites entailed grading and construction of amenities. These
activities do not increase input of inorganic nutrients to the underlying groundwater. Activities
that increase input to the groundwater are those associated with the “grow-in” and maintenance
of turf and landscaping via fertilization on developed areas which is now ongoing on parts of the
SVO Phase 1 and 2 parcels as well as on Lot 4 at the north end of the project site. However,
grow-in and maintenance of landscaping/turf have probably also occurred on former upland
sugar lands in times past. Besides surplus fertilizer, irrigation in excess and/or natural rainfall
may carry materials through the soil horizons to the underlying watertable. Landscaping has
been in place on the SVO Pacific Phase 1 project site for several years, but the high
concentrations of materials in well samples have been present since the commencement of this
study well before any input from landscaping on the project site was possible. Development
mauka and south of the SVO Pacific project site as well as former agricultural (sugar) uses and
reuse of treated sewage effluent from the Lahaina WWTP may all contribute to the observed
groundwater nutrient concentrations measured in the North Beach wells. Finally, landscaping at
Kahekili Park may also be contributing to the nutrient load particularly in the nearly south makai
well.

Are these materials evident in the near shore marine environment fronting the project site?
Station 8 is located at the shoreline fronting Kahekili Beach Park and Station 15 is just offshore
of the drainage swale located near the middle of the North Beach project site; inspection of the
data collected at these locations through most surveys (Table 1 of this and past reports) shows
some elevation of these same materials during some sample periods in the samples collected in
proximity to the shoreline. In some sample periods, silica concentrations are higher at station 8
(silica is a conservative tracer of groundwater). As expected, measured salinities are slightly
lower at this and other shoreline stations suggesting that there is some low’level of groundwater
input (albeit the salinity data suggest a small volume). Data from marine stations further seaward
show that the processes of dilution, advection and uptake occur reducing the signature close
background levels within 30 to 100 m of land. The concentration gradients in the waters fronting
Kahekili Park are not as evident in some surveys but as noted above, stations close to the
shoreline fronting the drainage swale, have at times shown elevation of nitrate nitrogen as seen in
the August 2009 survey. These data demonstrate that inputs from land are not constant but
possibly vary with fertilization and irrigation schedules, the state of groundwater flow, rainfall,
tide state, wind and waves at the time of sampling. Finally, the speed at which materials move
down through the soil horizons to the sea from the point of application is dependent upon how
far inland this source is, the porosity of the soil, the volume of irrigation water present (excess to
transpiration) which is needed to carry these materials to the watertable below and the dilution
that occurs as this seaward flowing groundwater meets the intruding seawater along the coastline.
The rates at which these materials move and reach the sea are unknown. Finally, with high
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rainfall as occurred just prior to the December 2007 survey, inputs of materials via runoff from
land will overwhelm and serve to mask any small input arriving to the marine environment via
diffuse percolation of groundwater. A more detailed discussion on sources of materials
measuted here is given in the next section.

Evident in Table 7 are several areas where data are lacking from specific wells on several
sample dates. These blanks are due to the loss of wells or our inability to find them in the heavy
brush covering much of the North Beach project site early in the survey work. The two wells
(nos. 5 and 6) on the SVO Phase 1 project site were not sampled in a number of surveys. Well 5
has been lost twice; it was redrilled about 20 m north of the original site and first resampled in
the February 2003 survey but was lost again due to landscaping sometime prior to the February
2005 survey. In the August 2005 survey, Well 6 was lost due to parking lot construction. These
wells were redrilled within a few meters of the original well sites and sampling was attempted in
the February 2006 survey but neither had been drilled sufficiently far into the watertable to obtain
water samples thus samples were not obtained from these sites in the February 2006 and
subsequent surveys. These two wells were purged prior to the August 2006 survey and a sample
was successfully collected in Well 5 but Well 6 continued to be “dry” through the February 2007
survey. These wells were once again purged and with the August 2007 survey a complete set of
samples from all wells was made. In the February 2008 survey samples were collected from all
wells except for well 6 (south mauka) due to soil and vegetation covering the well head thus we
could not find it. This has since been rectified and finally in the August 2008 - April 2010 period
were not able to sample the two north wells (Wells 1 - makai and 2 - mauka) due to their
temporary loss due to construction activities. However Well 2 was redrilled and first sampled in
the November 2010 survey making five of the six wells now available for monitoring.

H. Analysis of Nutrient Sources

The objective of the present water quality monitoring program is to determine if the
development of the North Beach parcel is resulting in an impact to ground- and nearshore marine
water quality thus the sampling methodology is designed to meet this objective. In conducting
the collection of water samples as well as carrying out the marine community monitoring in the
waters fronting the North Beach project site over the years, we have occasionally noted small
areas in proximity to the shoreline where a small amount of groundwater efflux is occurring,
These areas are primarily located between the drainage swale (our middle marine water quality
sampling transect) and Kahekili Beach Park not far from our south marine water quality transect.
The groundwater intrusion is evident as small areas of shimmer just above the substratum due to
the lower salinity of the effluxing groundwater mixing with the seawater. This diffuse shimmer
arises from the substratum over small areas less than a square meter of substratum and is not very
noticeable unless one is looking for it. These inputs are most evident during low tide, calm sea
conditions. Groundwater efflux such as this is a common element in the shallow water around
many of the Hawaiian Islands especially along the West Hawai’i coast where the scale and
volumes of groundwater may be large (in excess of 6 to § million gallons/day/shoreline mile).
Due to the relatively small scale of these inputs at North Beach, the obvious visual shimmer
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disappears very quickly suggesting a relatively small volume of input thus we have made no
attempt to specifically sample these areas. Our sampling strategy assumes that groundwater
efflux at or near the shoreline will be mixed to some extent with seawater and any meaningful
(i.e., readily measurable) input will be picked up in our samples collected in the vicinity of the
input. The assumption is, if we cannot detect an input at the low detection limits of the analytical
methods as stated above (in Methods section), these inputs would probably not have much of an
impact to the surrounding marine communities. The often slight depression in measured salinity
at the shoreline stations in the vicinity of these groundwater inputs is a signal for their presence
albeit measured nutrient concentrations do not show much elevation.

There is little information publicly available regarding sewage treatment and disposal during
the early years of the development of the Kaanapali resort area. The Royal Kaanapali Golf
Course was completed in two phases in 1962 and 1964. In order to develop the Kaanapali resort
area, a sewage treatment plant and disposal method were needed and were obviously in place to
handle wastes in the early 1960's. Because freshwater has always been a precious commodity in
West Maui, it is surmised that treated sewage effluent from the plant was probably mixed with
low salinity groundwater pumped from nearby irrigation wells and used as an irrigant on golf
course turf and landscaping. This practice probably continued up to the time of the building of
the present Lahaina WWTP which commenced operations at the end of 1979 at which time the
old sewage treatment facility was probably closed. The Lahaina WWTP was designed to treat
effluent to a level compatible for reuse. However, two injection wells (Wells 1 and 2) were
drilled to dispose of wastes if needed. These two wells are drilled to depths between -150 feet to
-169 feet below mean sea level (msl). In 1985, two additional injection wells (nos. 3 and 4) were
drilled to depths between -200 feet to -229 feet below msl. All four wells are in operation today
with the plant processing about 5 mgd of wastes and roughly 1 mgd being recycled as irrigation
on golf turf and landscaping hence the wells handle about 4 mgd. Thus it is highly probable that
treated effluent has been used on the Royal Kaanapali Golf Course for the last 46 years (since
1964) and at a minimum since 1980.

For many years there have been public concerns regarding the possible unintentional discharge
of treated sewage from Maui’s sewage treatment plants into the adjacent ocean. The Lahaina
WWTP is located just north and inland (mauka) of the North Beach parcel. A recent study (Hunt
and Rosa 2009) using a series of multiple tracers and in many cases sampling directly in small
nearshore plumes of effluxing groundwater, detected the presence of sewage inputs to the waters
fronting Nerth Beach/Kahekili Beach Park., Hunt and Rosa (2009) demonstrated that the
wastewater plume is most evident fronting Kahekili Beach Park. However as noted in the report,
there is some uncertainty as to how far south towards Kekaa Point (Black Rock) the plume
extends because reclaimed wastewater is also applied as irrigation on golf course turf and
landscaping south and mauka of the North Beach-Kahekili Beach Park parcels. Fronting the
beach park, wastewater presence was confirmed by detection of the pharmaceuticals
carbamazepine (an anticonvulsant), sulfamethoxazole (an antibiotic) as well as two synthetic
musk fragrances, a fire retardant, and a plasticizer compound, all of which were also present in
effluent sampled at the treatment plant. Nitrogen and phosphorus concentrations were also
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elevated within the plume footprint. The authors do note that the wastewater injection plumes
are not the sole source of nutrients discharging to the ocean on Maui. Groundwater beneath
fertilized fields is similarly high in nitrogen as effluent, and even beneath forests, groundwater
nitrogen concentrations are two to three orders of magnitude higher than low-nutrient seawater.
Phosphorus concentrations are considerably higher in effluent than in groundwater beneath
forests or agricultural lands.

These inputs have not been evident in the ocean samples collected under the present program
as would be signaled by high concentrations in nitrogen and phosphorus as well as significantly
reduced salinities. The question might be asked, “Why hasn’t the present monitoring program
detected the sewage effluent in the North Beach sampling program?” There are two reasons why
this has not happened. The first is the reader needs to understand that the present program is a
monitoring program and not a research program. The Hunt and Rosa (2009) study was a research
program designed to specifically address the question of possible sewage input occurring. As
such, these authors not only sampled for a number of anthropogenic products (pharmaceuticals,
ete.) in their collected water samples but used a salinometer in shallow waters close to the
shoreline to identify where small areas of lower salinity groundwater was effluxing into the sea
(seeps). The rationale for this sampling strategy is that if sewage effluent was entering the
shallow coastal waters, it would probably be mixed and emerging with the natural groundwater
flow into the ocean thus the probability of detecting effluent would be greatest in the
groundwater plumes than elsewhere. To enhance their success at sampling the effluxing
groundwater at some of their sample sites, the authors specifically targeted and sampled these
small areas of groundwater input using an inverted funnel placed on the bottom to focus and aid
in the collection of the relatively undiluted effluxing groundwater. Thus the Hunt and Rosa
(2009) study sampled the nearshore water at small scales. The present program assumes that the
efflux of groundwater in coastal marine environments is commonplace albeit it may contain
nitrogen and phosphorus nutrients at elevated concentrations from natural as well as
anthropogenic sources. The present program also assumes that groundwater entering the coastal
marine waters will be diluted and mixed which decreases impact of these groundwater source
nutrients on the surrounding marine communities but it is these reduced (or diluted)
concentrations that the biota are exposed to. If the groundwater input is occurring on a small
scale (small input volume relative to the receiving water volume) as appears to be the case here,
mixing will serve to rapidly decrease the impact of this higher nutrient water on the surrounding
biota. This appears to be the case at North Beach/Kahekili Beach Park.

However, despite the present program finding only a slight elevation of nutrient parameters in
the ocean adjacent to the shoreline, an examination of the monitoring program water quality data
notes that chlorophyll-g (which is a measure of phytoplankton biomass) is elevated and out of
compliance with water quality standards at the North Beach sample sites. This elevation of
chlorophyll-a across all stations has resulted in the geometric means for chlorophyll-a not
meeting state standards in 25 of 26 surveys fronting North Beach. This would normally sexve as
a potential signal of an unusual input of inorganic nutrients, but the chlorophyll-a data from the
Kahoma control site are almost identical with chlorophyll-z being out of compliance in 24 of 26
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surveys (Table 3). Furthermore, the highest chlorophyll-a geometric mean (August 2007)
occurred fronting the control stations. Thus, rather than these data suggesting a nutrient input at
the North Beach/Kahekili Beach Park area only, they suggest that (1) phytoplankton communities
are well-developed along this 5.7 km section of coast and (2) if elevated inorganic nutrients are
responsible for the high phytoplankton standing crop in the nearshore waters, these inputs must
be occurring along the entire section of this coastline.

A further comparison in the monitoring program North Beach nutrient data to those data
collected fronting the Kahoma control site shows that, in general, measured nutrient
concentrations are usually greater offshore of the control site than at North Beach (Table 4) and
this is reflected in the higher rate of noncompliance at control site stations relative to stations
fronting North Beach/Kahekili Beach Park. Thus if there is a concern over nutrient
concentrations measured in this study, the concern should focus on the Kahoma drainage basin
and not North Beach.

A second reason why the present monitoring program did not identify the presence of sewage
input into the waters fronting North Beach/Kahekili Beach Park is because the sampling scale is
larger than the scale of the inputs and the program is designed to detect changes in near shore
marine nutrient chemistry on larger scales than those used by Hunt and Rosa (2009). The
sampling scales used in this monitoring program follow those as outlined by the Department of
Health HAR§11-54-6 which are appropriate for a monitoring program. When the volume of
input is small relative to the receiving water volume and undergoing natural mixing, dilution and
advection, detection is more difficult and any resulting impact to the marine biota from the input
is less.

The above statements suggest that the efflux of groundwater to the nearshore marine system
fronting the North Beach/Kahekili Beach Park is occurring on a small scale which is another way
of saying that the volumes of groundwater (with or without effluent) input to the nearshore
waters is small relative to the volume of the receiving waters based on our chemistry data. Once
injected into surrounding more saline watertable, the freshwater effluent will rise if the
subterranean geology will allow it to do so and “float” over the more dense saline waters and
flow towards the sea where through diffuse percolation it enters the marine environment. Once
in the ocean and if mixing/advection is not large, the escaping effluent/groundwater will tend to
rise and float on the surface layer because it is of lower salinity (density) than the ocean water.
Under these conditions, sampling just under the water’s surface as done in this and most other
studies improves the chances of finding the lower salinity water (in this case effluent).

Table 9 presents the means of pertinent parameters measured in this study from shoreline
stations sampled since February 1991. Also given are data from Hunt and Rosa (2009, Table 3)
stations fronting North Beach and Kahekili Beach Park as well as three shoreline stations
sampled at Kukio, North Kona over a ten-year baseline period prior to any surrounding
development. Note that the Hlunt and Rosa (2009) data are presented in uM and these data in
Table 9 are presented in ug/l which follows HAR§11-54-06. Referring to Table 9, Station 1
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TABLE 9, Water quality means of important nutrient and salinity parameters from this
monitoring program collected from shoreline stations (station # 1 - Kahoma control transect),
Kahekili Beach Park (station # 8), Middle or Gulch transect (station #15) and North transect
(station # 22). Also given are data (single samples) from Hunt and Rosa (2009) from stations L-
1, L-2, L-3 and L-5 collected along the North Beach/Kahekili Beach Park shoreline. Note that
Hunt and Rosa (2009) samples L-1 are in the vicinity of our Station #15, L-2 and L-5 are
duplicate samples collected near our Station #8 and L-3 was collected near our Station #22,

For comparative purposes are given means for these same parameters collected from three
shoreline stations at Kukio, North Kona over a ten-year period prior to any surrounding
development. All data are in ug/l except for salinity in ppt; n=number of samples.

Salinity
Location (n) NO; NH, 1IN PO, TP Si (ppt)
Present Study
Station #1 25 2975 870 196.95 6.30 15.09 416,04 32731

Station #8 25 13.78 419 14554 534 12.88 260.75 34.540
Station #15 25 19.87 336 15898 7.08 14.02 280.10 34.443
Station #22 25 292 388 14520 3.95 11.57 15554 34.554

Hunt & Rosa (2009) DIN
L-i* 1 74620 B82.60 828.80 124.00 26.7
L-2% 1 49560 22820 72380 77.50 29.7
L-5* 1 869.40 196.00 869.40 130.20 26.0
L-3 1 2240 196.00 22.40 6.20 344
Kukio, North Kona (Predevelopment)
K-03 18 8237 1279 17295 11.09 20.13 126297 33.110
K-14 18 7626 1391 180.72 7.70 16.33 135548 32.998
K-19 17 569.68 1567 69437 23.82 32.60 6726.88 26.647

NOTE 1: DIN = Dissolved Inorganic Nitrogen measured by Hunt and Rosa (2009) is a subset of
Total Nitrogen (TN} as measured by us which includes both inorganic and organic nitrogen.

NOTE 2: Asterisk indicates sample collected using an inverted funnel on the bottom to better

sample effluxing groundwater; all other samples collected from just under the surface of the
water.
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(control) in the present study is a shoreline station near the intermittent Kahoma Stream
discharge into the sea, Station 8 is the shoreline station fronting Kahekili Beach Park, Station 15
is the shoreline station for the middle or drainage swale transect at North Beach and station 22 is
the shoreline station for the north transect site. Hunt and Rosa (2009) station L-1 is in the
vicinity of our station 15 (drainage swale transect), L-2 and L-5 are replicate samples collected
near our station 8 (Kahekili Beach Park) and L-3 was collected near our station 22 (north transect
site). The Kukio, North Kona shoreline station means (3 locations) sample a completely
undisturbed natural area with considerable groundwater efflux to the sea are included for
comparative purposes.

The high concentrations of nitrogen and phosphorus as well as lower salinities are evident in
the Hunt and Rosa (2009) data relative to the long term means for these parameters from nearby
stations sampled in the present study where nutrient concentrations are much lower and salinities
arc higher (Table 9). The differences among these two sample groups is most striking with the
three Hunt and Rosa (2009) samples collected using an inverted funnel to better capture/sample
the effluxing groundwater relative to all of the other samples in Table 9 which were collected just
below the ocean surface. The presence of high nutrient concentrations as well as
pharmaceuticals found in the Hunt and Rosa (2009) samples show the presence of treated
effluent wastes. The normal high salinity, low nutrient concentrations found in our shoreline
stations indicates the small volume of this input relative to the volume of the receiving waters as
well as speaks to the high mixing/dilution/advection processes that occur which greatly reduces
any treated effluent signature of the effluxing groundwater as well as any impact of this discharge
ot the biota.

An examination of the well data as given in the previous section may help to better understand
the pathway of the treated sewage from the injection wells to the sea. Table 7 provides well data
from this study. It is unfortunate that monitoring wells have been lost due to construction and
redrilled at various times over this nine-year study but the data in hand are instructive. As noted
in the previous section, highest concentrations of important nutrients are found in mauka (inland)
wells and lower concentrations are seen in the makai (seaward) wells with salinity being greatest
in the makai wells due to their proximity to the ocean. Most importantly with respect to the
inland or mauka wells, the south mauka well (Well 6) appears to have the highest measured
concentrations and the north mauka (Well 2) well has the lowest concentrations. Again, using
the grand means of important parameters measured in these wells as given in Table 8, clearly
demonstrates the much higher nutrient concentrations in the groundwater beneath the southern
part of the North Beach parcel relative to the mauka well (Well 2) located in the northern part of
the project site.

Thus in summary, Hunt and Rosa (2009) unequivocally demonstrated the presence of treated
sewage wastes in the waters fronting North Beach/Kahekili Beach Park having constituents in
common with the wastes at the Lahaina WWTP as well as at elevated concentrations. However,
sampling at scales as recommended by the Hawai’i State Department of Health HAR§11-54-6,
the present monitoring program finds only a small elevation in nutrient concentrations and little
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salinity depression close to the shoreline. These data suggest that the input of high nutrient, low
salinity groundwater (containing treated sewage effluent) is rapidly mixed thus probably has very
little impact to the biological resources resident to the receiving waters. The high phytoplankton
biomass which exceeds state standards in the waters fronting North Beach which would normally
be a signal of a potential nutrient problem are also similarly out of compliance in the waters
fronting the Kahoma control site. Finally, the source of the sewage seen in effluxing
groundwater at the southern part of the North Beach parcel as well as fronting Kahekili Beach
Park may be from the application of treated effluent from the Lahaina WWTP applied as
irrigation on the Royal Kaanapali Golf Course and surrounding landscaping. This irrigation has
been in place for at least 30 years. If this hypothesis is correct, the majority of the wastewater
disposed via the injection wells at the Lahaina WWTP may be following a course and entering
the ocean subtidally as a diffuse percolation of materials which at larger sample scales as used
here would be difficult to detect.

The question as to impact of treated effluent from the Lahaina WWTP on the resident biota in
the receiving waters is examined in the Section L.

2. Marine Communities
A. Ecological Zonation

The ficldwork which provided the preliminary information about ecological zonation in the
waters fronting the project site was carried out in the February 2001 survey. The area
encompassed in this reconnaissance portion of the study includes the near shore region fronting
the North Beach project site from shore seaward approximately to the 20 m (60-foot) isobath up
to 400 m offshore. More than 44 ha (~109 acres) were examined at this location. Since the
concern is with possible impacts emanating from the construction site, the focus of the
biological studies are in the marine communities adjacent to shore at depth less than 12 m (~40
feet). In this area three ecological zones or biotopes were encountered. It should be recognized
that boundaries of each zone are not sharp but rather grade from one to another; these are
gcotones or zones of transition. Biotopes are delimited by physical characteristics including
water depth, relative exposure to wave and current action, and the major structural components
present in the benthic communities. The latter include the amount of sand, hard substratum, and
vertical relief present as well as the biological attributes of relative coral coverage, fish
abundance, and dominant species of coral and/or algae present. Biotopes are named for
distinctive features of each as shown in Figure 2 and are described below.

1. Biotope of Sand and Halimeda Beds
The biotope of sand and Halimeda beds dominates much of the offshore waters along the

West Maui coast usually at depths from about 8 to more than 20 m. Offshore of the North Beach
project site, the biotope of sand and Halimeda beds in general occurs below the 8 m isobath
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FIGURE 2. Map depicting the North Beach project site, Kahekili Beach Park and the
remainder of the North Beach project site. Also given are the three ecological zones identified in
this study, the three marine biological sample sites (stations 1-3) and the six algal monitoring
sites (A-1, 2, B-1, 2, C-1, 2). Note that site locations are only approximate and are not drawn to
scale. Map courtesy of Amfac Property Development Corporation.
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coming to within 80 m of the shore in places. Because of the lack of appropriate shelter and
solid substratum, benthic and fish communities are poorly developed in this biotope; where
emergent hard substratum occurs, often a limited amount of coral will be encountered. Because
this biotope is reasonably far offshore and has few obvious benthic components, this biotope was
not quantitatively sampled in this study.

As the name implies, the substratum in the biotope of sand and Halimeda beds is dominated
by sand and large patches of the calcifying green alga, Hal;imeda kanaloana. This Halimeda
species is only commonly found in the Hawaiian Islands along the West Maui and parts of the
South Molokai coast. Because of the shifting nature of sand, the benthic species found in sand
habitats are generally adapted for life on an unstable and frequently abrading environment. Many
species that are found in this habitat will bury into the sand to avoid predators and the abrasion
that occurs with storm waves. Thus many species in the sand biotope are cryptic and difficult to
see; among those are many molluscs and crustaceans such as the commercially-important Kona
crab (Rania rania) and the razorfish or nebeta (Iniistius pave). The biotope of sand and
Halimeda beds is best developed at greater depths; where it enters the shallow water, many of the
characteristic species become less abundant.

Benthic communities on sand substrates usually have their greatest development at depths
below which wave impact occurs (usually below about 30 m). Because of constraints with
bottom time and the fact that this biotope is relatively well-offshore thus less likely to be
impacted by construction activities on land, only a qualitative survey was done in this biotope.
Species commonly seen in the deeper regions of the biotope of sand and Halimeda beds include
large patches of the alga, Halimeda kanaloana, molluscs such as the augers (Terebra crenulata,
T. maculata and T. inconstans), the leopard cone (Conus leopardus) and flea cone (Conus
pulicarius). Other species seen include the sea hare (Brissus sp.), starfish (Mithrodia bradleyi),
brown sea cucumber (Bohadschia vitiensis), the Kona crab (Rania rania), flatfish or paki’i
(Bothus mancus), razorfish or nabeta (Iniistius pavo), the sand-piper fish (Parapercis
schauslandii}, and the goby (Gnathelepis anjerensis). A number of commercially-important
fishes with no particular ties to this biotope will be occasionally seen. Among these species are
the grey snapper or uku (dprion virescens), the young of several jack species collectively known
as papio (family Carangidae} and the mackerel scad or opelu (Decapterus macarellus). Fish
standing crop estimates for this biotope are usually low being in the 0.1 to 10 g/m*range.

2. Biotope of Porites Corals

Shoreward of the biotope of sand and Halimeda beds is the biotope of Porites corals. This
biotope is situated on a gently seaward sloping limestone platform. This limestone rises out of
the sand with characteristic small-scale spur and groove development. These “channels” have an
orientation perpendicular to shore and range in width from 1 to 5 m, 0.1 to 1 m in depth and have
variable lengths from 5 to 30 m. The limestone platform occurs as a near continuous feature to
the sand beach fronting the project site. The biotope of Porites corals roughly occurs as a “band”
paralleling the shoreline and ranging in width from 40 to over 120 m on the limestone. It is first
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encountered about 20 to 30 m from shore and may extend up to 130 m seaward. This band has
its greatest width at the north and south extremes fronting the project site and is found at depths
from 2 to 12 m. Along the shoreward and seaward edges, coral development is less with fewer
corals and less live coral coverage present. This decrease in coral coverage is probably related to
the greater exposure of these areas to occasional wave impact. As noted above, the seaward edge
of the biotope is smooth limestone merging into offshore sand and coral rubble. Under high
wave conditions the scouring of the limestone by this material probably retards coral growth. On
the inshore side of the biotope the relatively shallow depths (2-4 m) is the depth at which
shallower waves will crest and break, again an area where occasional high wave energy will
impact the benthos. The biotope of Porites corals is the dominant high-diversity ecological zone
present offshore of the North Beach project site and occurs in relative close proximity to the
shoreline, thus most of the biological sampling is carried out in this area. In the deeper more
wave-protected portions of this biotope an often dominant coral is the delicately branched finger
coral or Porites compressa. Elsewhere in the biotope where exposure is greater to occasional
surf, the dominant coral species is the lobate coral, Porites lobata.

Coral communities are well-developed in parts of the biotope of Porites corals. Coverage
may be close to 80% at scales of 2 to 20 m?; overall mean coverage is estimated to be 15% in this
biotope. Commonly seen coral species include Porites lobata, P. evermanni, P. compressa,
Montipora verrucosa, M. patula, M. vervilli, M. flabellata, Pavona varians, P. duerdeni,
Leptastrea purpurea, Cyphastrea ocellina and Pocillopora meandrina. Besides the development
of corals on the underlying limestone platform, the limestone is bisected by numerous small
wave-cut channels and depressions across its surface. These reticulated channels have a general
orientation that is perpendicular to shore and spaced from 2 to 35 m apart. The channels range in
size from about 1 to 10 m in width, 0.5 to 1.5 m in depth and are up to 30 m in length; they often
terminate in a depression. Depressions are from 1.5 to 8 m in diameter and up to 2 m in depth.
Channels and depressions are sometimes undercut creating ledges; these as well as the well-
developed coral community create shelter for a host of fish, algae and invertebrate species.

Close to 100 species of fishes have been seen in our transects conducted in the biotope of
Porites corals between the 1992 and 2001-10 surveys. Many species are not particularly
common but there are about 40 species that are relatively abundant in this biotope; many of these
species are represented on the visual transect data presented in Appendix 1. This list of species is
similar to that for similar habitats around Lana’i Island which the author has monitored for more
than 20 years (Brock and Kam 1999). Most macroinvertebrate species other than sessile corals
and some sponges as well as some of the echinoderms are relatively cryptic and motile species
are often nocturnal in their habits, hiding under cover during the day. This makes quantitative
studies difficult using non-destructive visual census methods. Despite this, a number of
macroinvertebrates were encountered in the survey of the biotope of Porites corals. Among
these are the soft corals (Anthelia edmondsoni, Palythoa turberculosa), anemone (Aptasia
puchella), zoanthid (Zoanthus pacificus), sponges (Spirastrella vagabunda, Spongia oceania,
Terpios zeteki, Tedania sp., Chondrosa chucalla, Callyspongia diffusa), polychaete worms
(Spirobranchus gigantea, Loimia medusa}, molluscs (Spondylus tenebrosus, Arca ventricosa,
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Pinctada margaritifera, Streptopinna saccata, Octopus cyanea, Conus marmoratus, C. lividus,
C. ebreus, C. miles, C. imperialis, Cypraea reticulata, Drupa morum, Chromodoris vibrata,
Phyllidia varicosa), arthropods (Gonodactylus mutatus, Stenopus hispidus, Saron marmoratus,
Panulirus penicillatus, Parribacus antarcticus, Ciliopagurus strigatus, Calcinus elegans,
Dardanus megistos, Aniculus strigatus, Charybdis hawaiensis, Carpilius maculata) and
echinoderms (Echinothrix diadema, E. calamaris, Echinostrepus aciculatus, Echinometra
mathaei, Tripneustes gratilla, Culcita novaeguinaea, Linckia multiflora, Heterocentrotus
mammillatus, Actinopyge mauritiana, Holothuria atra and H. whitmaer).

The algae are common in the biotope of Porites corals. Probably the most abundant species
by weight and areal coverage is Amansia glomerata which is found along the edges of undercuts
and in crevices. Other abundant species include the stringy green Cladophora sericea (somewhat
seasonal in its appearance and more common in the earlier years of this study), the introduced
Hypnea musiformis and relative, H. cervicornis as well as many other species which become
more dominant in the benthos on the shoreward side of the biotope of Porites corals.

3. The Biotope of Limestone and Seaweeds

Inshore of the biotope of Porites corals is the biotope of limestone and seaweeds. As with the
previous zone, this biotope is situated on a limestone substratum at depths from less than 1 m to
about 3 m extending from 15 to about 25 m offshore of the beach. This biotope is a near-
continuous feature along the entire North Beach project site. Shoreward of this biotope is the
sand beach that fronts North Beach, Where the sand is moved about by occasional surf which
creates scouring, the algal communities are not well-developed and the limestone is relatively
barren.

Dominant algal species encountered in this biotope include Cladophora sericea, Caulerpa
serrulata, Enteromorpha sp. (limu ‘cle’cle), Ulva fasciata (limu palahalaha), Dictyota
bartayresii (limu alani), Sargassum echinocarpum (limu kala), Turbinaria ornata,
Acanthophora spicifera, Amansia glomerata, Asparagopsis taxiformis (limu kohu), Galaxaura
fastigiata, Gracilaria bursapastoris (ogo), Gracilaria coronopifolia (limu manauea), Hypnea
cervicornis (limu huna), H. musiformis, Jania sp., Laurencia nidifica (limu mane’one’o), L.
succisa (limu lipe’epe’e), Liagora papenfussii, Plocamium sandvicense, Pterocladia
caerulescens and Spyridia filamentosa. Coverage of the limestone substratum by algae ranges
up to 90% over areas from 1 to 10 m?; overall the coverage in this biotope is estimated to be 20%
but varies seasonally and has decreased in recent years.

Being a shallow area, the algae in this biotope are probably impacted by high surf events.
These events will break the thalli (fronds) free of the base; these thalli will be carried by the
waves to shore or thalli tangle together and settle into depressions and crevices in the substratum.
When the thalli are deposited on the beach, the public takes notice because of their decay. The
remaining attached basal portions of these seaweeds will usually quickly regrow thus maintaining
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the community. Not many diurnally-exposed macroinvertebrates are seen in this biotope
probably because of the general lack of shelter. Species seen include the sea urchins
(Echinometra mathaei, E. oblongata), mantis shrimp (Gonodactylus mutatus), cone shells
(Conus lividus, C. ebreus, C. miles), and sea cucumbers (Actionpyge mauritiana and Holothuria
atra). Some fishes are seen where cover is available including a number of juveniles such as the
sargeant major or mamo (4budefduf abdominalis), flagtail or aholehole (Kuhlia sandvicensis),
convict tang or manini (Acanthurus triostegus), goatfishes (kumu - Parupeneus porphyreus, and
weke - Mulloides flavolineatus), grey mullet or pua (Mugil cephalus). Adult fishes are also
occasionally seen in this biotope during their diurnal foraging activities; this group includes
many of the above species as well as orangebar surgeonfish or na’ena’e (dcanthurus olivaceus),
brighteye (Plectroglyphidodon imparipennis), papio (members of the family Carangidae),
manybar goatfish or moano (Parupeneus multifasciatus), wrasses such as the saddleback wrasse
or hinalea lauwili (Thalassoma duperrey), christmas wrasse or awela (Thalassoma trilobatum),
brown surgeonfish or ma’i’i’i (Adcanthurus nigrofuscus) and toby (Canthigaster jactator).

B. Station Locations

Because of concerns over unwanted nuisance algae or limu, the algae are quantitatively
sampled at six locations fronting the project site. Three of these sample sites are in the biotope of
limestone and seaweeds, all within 15 m of the shoreline in water depths from 1.2 to 1.8 m.
These stations are all directly inshore of the three permanently-marked stations quantitatively
sampling marine communities located in the biotope of Porites corals. The other three algal
stations were established adjacent to the quantitative marine community sampling stations. The
locations of the biological sample sites are given in Figure 2.

C. Quantitative Resulfs - November 2010 Survey

The three permanently-marked stations that quantitatively sample marine communities are
located in the biotope of Porites corals. These stations are offshore of the north boundary of the
North Beach project site, offshore of the drainage swale near the middle of the overall project
site, and offshore of Kahekili Beach Park constructed at the south end of the project site. The
results of the quantitative studies carried out at these stations in the 16 November 2010 survey
are presented below.

1. North Station A (20°56'687”N, 156°41'613”W)

This station is located approximately 60 m offshore of the beach at the north end of the North
Beach project site in 2 to 2.7 m of water (station 1, figure 2). The underlying substratum at this
location is limestone with sand-filled depressions. These depressions have a general orientation
with the long axis perpendicular to shore and range from 1 x 3 m to 3 x 6 m in dimensions, up to
0.5 m in depth and are spaced from 3 to 15 m apart. Also present in this area are small
reticulated channels that are 1 to 2 m in width, up to 10 m in length and up to 0.5 m in depth.
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Many of these channels also have a sand bottom. On the intervening limestone is a relatively
well-developed coral community dominated by the lobate coral Porites lobata. The 25 m
transect site is marked with a series of small subsurface floats and nylon cable ties. The resulis
of the quantitative survey carried out at station 1 are given in Table 10. The quadrat survey noted
two algal species (Porolithon onkodes and Amansia glomerulata) having a mean coverage of
1.5%. Also present in the quadrat survey was the sponge (Spirastrella vagabunda - 0.02% mean
coverage) and seven coral species having a mean coverage of 33.4%. In terms of coverage, the
most important corals are Porites lobata and the rice corals, Montipora spp. The invertebrate
census noted eleven species including the rock oyster (Spondylus tenebrosus), cone shell (Conus
lividus), the top shell (Turbo intercostalis), auger shell (Terebra inconstans), the christmas tree
worm (Spirobranchus gigantea), four urchin species - the black sea urchin (Tripneustes gratilla),
boring urchin (Echinostrephus aciculatum), slate pencil urchin (Heterocentrotus mammillatus),
and the green urchin (Echinometra mathaei) as well as the sea cucumber (Holothuria atra) and
the starfish (Linckia multiflora).

The results of the fish census carried out at station 1 are given in Appendix 1. In total, 136
individual fishes among 18 species were counted in the 4 x 25 m transect area. The most
abundant species were the brown surgeonfish or ma’i’i’i (Acanthurus nigrofuscus), the palenose
parrotfish or uhu (Scarus psittacus) and the orangebar surgeonfish or na’ena’e (Acanthurus
olivaceus). The standing crop of fishes at this station was estimated to be 92 g/m* and the
species making the greatest contribution to this standing crop include the m’i’i’i (dcanthurus
nigrofuscus) making up 16%, the na’ena’e (dcanthurus olivaceus} adding14% and the ringtail
surgeonfish or pualu (dcanthurus blochii) contributing 19% of the total biomass at this station.

2. Middle Station B (20°56'437”N, 156°41'601”W)

Station 2 was established approximately 45 m from the beach fronting the drainage swale that
crosses the central portion of the North Beach project site. Water depth at this permanently-
marked station is 4 m. Originally when this station was established the limestone substratum
which is present at this sample site was located about 15 m seawared of the transect line. Over
the intervening years the sand has slowly encroached such that today the litnestone now
commences between 2 to 8 m seaward of the transect site; seaward of this is the biotope of sand
and Halimeda beds. The limestone at this station has a number of small grooves or channels cut
into it having a general orientation perpendicular to shore. These channels are from 1 to 2 min
width, up to about 10 m in length, to a maximum depth of about 0.4 m and are spaced from 3 to 8
m apart. On the intervening limestone knolls is a relatively well-developed coral community
dominated by Porites lobata. Again, the transect site was marked with small subsurface floats
and nylon cable ties, In the most recent survey someone had removed all but one of the station
markers.

The results of the quantitative survey carried out at station 2 are given in Table 11. The

quadrat survey noted three algal species (Porolithon onkodes, Lyngbya majuscula and Amansia
glomerulata) with a mean estimated coverage of 1.1%. Also present in the quadrat survey was
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TABLE 10. Summary of the benthic survey conducted at biological Station 1 approximately 60
m offshore of the beach along the north end of the North Beach project site West Maui in the
biotope of Porites corals on 16 November 2010. Results of the 6 m? quadrat sampling of the
benthic community (expressed in percent cover) are given in Part A, Part B is a 50-point analysis,
Part C is a list of macroinvertebrates and Part D is a summary of the fish census. Water depth 2-
2.7 m; mean algal coverage is 0.7% and coral coverage is 33.4% (quadrat method).

A. Quadrat Survey

Quadrat Number
Species 0m 5m 10m I5m 20m 25m
Algae
Porolithon onkodes 0.5 1.7 1.0
Amansia glomerulaia 12 04 0.9 2.0 1.5
Sponges
Spirastrella vagabunda 0.1
Corals
Porites lobata 165 240 83.0 17.0 24.0
Porites evermanni 10.0
Pocillopora meandrina 1.9 0.5 2.2 0.5 0.7 2.5
Montipora verrucosa 0.4 0.3 0.9 04 2.6
Montipora patula 2.5 1.0 1.1 0.5
Montipora verrilli 12 0.1
Leptastrea purpurea 6.5
Sand 5.0 3.0 3.0 1.0
Hard Substratum 720 721 91.4 11.4 68.2 63.3
B. 50-Point Analysis
Species Percent of the Total
Algae
Amansia glomerata 2
Peyssonellia rubra 2
Corals
Porites lobata 16
Pocillopora meandrina 6
Montipora patula 2
Montipora verrucosa 2
Hard Substratum 70
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TABLE 10. Continued.

C. Invertebrate Census (4 x 25 m)

Species
Phylum Mollusca

Turbo intercostalis

Terebra inconstans

Conus lividus

Spondylus tenebrosus
Phylum Annelida

Spirobranchus gigantea
Phylum Echinodermata

Echinostrephus aciculatum

Echinometra mathaei

Heterocentrotus mammillatus

Tripneustes gratilla

Holothuria atra

Linckia multiflora

D. Fish Census (4 x 25m)

18 Species
136 Individuals

Number

f— e e Pt

24

114
11
17

Estimated Biomass = 92 g/m?
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TABLE 11. Summary of the benthic survey conducted at biological Station 2 approximately 45
m offshore of the beach fronting the intermittent drainage gulch near the middle of the North
Beach project site West Maui in the biotope of Porites corals on 16 November 2010. Results of
the 6 m* quadrat sampling of the benthic community (expressed in percent cover) are given in
Part A, Part B is a 50-point analysis, Part C is a list of macroinvertebrates and Part D is a
summary of the fish census. Water depth 4 m; mean algal coverage is 1.1% and coral coverage is
22.4% (quadrat method).

A. Quadrat Survey

Quadrat Number
Species 0m Sm 10m 15m 20m 25m
Algae
Porolithon onkodes 0.5 1.0
Lyngbya majuscula 0.5
Amansia glomerulata 1.0 2.0 1.0 0.5
Sponges
Spirastella vagabunda 0.2 0.2
Corals
Porites lobata 18.0 14.5 350 220 5.0
Porites compressa 1.2
Pocillopora meandrina 2.0 0.9 0.5 2.6
Montipora verrucosa 34 3.5 0.2 0.3 8.0
Montipora patula 29 7.0 2.0 1.0 3.0
Montipora verrilli 1.5
Sand 3.0 9.0
Hard Substratum 72.5 698 599 730 %0.5 809
B. 50-Point Analysis
Species Percent of the Total
Algae
Amansia glomerata 2
Acanthophora spicifera 2
Corals
Porites lobata 14
Montipora verrucosa 2
Pocillopora meandrina 2
Sand 6
Hard Substratum 72
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TABLE 11. Continued.

C. Invertebarte Census (4 x 25m)

Species Number

Phylum Mollusca

Arca ventricosa 3

Conus miles I

Pinctada margaritifera 3
Phylum Annelida

Spirobranchus gigantea 21
Phylum Arthropoda

Callainassa variabilis 1
Phylum Echinodermata

Echinometra mathael 77

Echinothrix diadema 6

Echinothrix calamaris 2

Heterocentrotus mammillatus 2

Tripneustes gratilla 3

Echinostrephus aciculatum 4

D. Fish Census (4 x 25m)
23 Species
141 Individuals
Estimated Biomass = 135 g/m’







the boring sponge (Spirastella vagabunda, mean coverage = 0.07%) and six coral species whose
coverage was dominated by Porites lobata and Montipora spp. The coral species present include
Porites lobata, Porites compressa, Pocillopora meandrina, Montipora verrucosa, Montipora
verrilli and Montipora patula. These corals had a mean coverage of 22.4% in the November
2010 survey. The invertebrate census noted twelve species including the black lipped pearl
oyster or pa (Pinctada margaritifera), the boring bivalve (Arca ventricosa) cone shell (Conus
miles), christmas tree worm (Spirobranchus gigantea), the ghost shrimp (Callianassa variabilis),
and six sea urchin species (Echinometra mathaei, Echinothrix diadema, Echinothrix calamaris,
Echinostrephus aciculatum, Tripneustes gratilla and Heterocentrotus mammillatus).

The results of the fish census at station 2 are presented in Appendix 1. In total, 23 species
and 141 individuals were censused at this station. The most common species at this station were
the damselfish (Chromis vanderbilti}, the ma’i’i’i (Acanthurus nigrofuscus) and the paletail
unicornfish or kala lolo (Naso brevirostris). The standing crop at station 2 was estimated to be
135 g/m® and the species contributing the greatest weight to this estimate include the kala lolo
(Naso brevirostris) making up 14 of the total, the yellowstripe goatfish or weke (Mulloides
flavolineatus) making up 24% and the na’ena’e (Acanthurus olivaceus) contributing 13% to the
total standing crop at this station.

3. South Station C (20°56'270”N, 156°41'644”W)

One permanently-marked biological monitoring station was established near the southern
border of the North Beach project site approximately 80 m offshore of the public beach park in
the biotope of Porites corals. The depth at this station is 6.7 m and the underlying substraturm is
limestone with a well-developed coral community on it. The station is established about 7 m
inshore of the interface between the biotopes of Halimeda beds and Porites corals, The
limestone at this station is bisected by small channels again having a general orientation
perpendicular to shore. These channels are from 2 to 5 m in width, up to 20 m in length and are
up to 0.5 m in depth. These channels are spaced from 5 to 20 m apart; between them are shallow
depressions, most of which are covered with live coral as are the intervening ridges of limestone.
Dominant corals in this area are Porites lobata, P. compressa and Montipora verrucosa.

This station is offshore of Kahekili Beach Park. The park has many users including shore
SCUBA dives swimming through the offshore area where our permanently marked sampling
station is located. On all of the earlier surveys our nylon cable ties and subsurface floats marking
this station had been removed probably by SCUBA divers trying to keep human refuse out of the
area. Because of this, we have left this station with no markers, relying on prominent underwater
natural features to locate the survey site. This has resulted in small changes in the alignment of
the transect with each survey which results in greater variability in the quadrat data. At the
southem end of this transect we use a relatively large Porites lobata coral colony having a
diameter approximately 1.5 x 1.8 m and about 1.2 m in height as the start point for this transect.
These Porites colonies have a radial growth rate of about 1 cm/year which means a two meter
diameter coral colony is about 100 years old (Buddemeier et a/ 1974). In the August 2009
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survey, this previously healthy colony was found to be largely dead and covered by a thin veneer
of brown microalgal “fuzz”. As reported in the August 2009 survey, the colonization of the coral
colony surface by microalgae is the first step in the succession of benthic species recruiting to
open substratum and suggests that this colony had succumbed within the previous two to three
weeks. No other mortality in corals was noted on the transect and the causal mechanism for the
apparent mortality at that time was unknown. Returning in April 2010 found this coral colony to
be free of algal growth and alive! It is surmised that the colony did indeed have a layer of small
algal species probably with diatoms over its surface as witnessed by the observer but somehow
was able to maintain itself and eventually ridding the surface of the algae and diatoms by
producing mucous and sloughing these materials away. This is the first time in more than 40
years of carrying out underwater marine life surveys that the author has encountered a recovery in
a coral colony previously covered by fine filamentous algae/diatoms.

The results of the quantitative survey carried out at station 3 are given in Table 12. Three
algal species (dmansia glomerata, Porolithon onkodes and Peyssonellia rubra) were seen in the
quadrat survey having a mean coverage of 2.5%. Six coral species were also encountered in the
quadrat survey. These corals collectively had a mean coverage of 45.1% and the dominant
species were Porites lobata, P. compressa and Montipora verrucosa. Other coral species present
include Pocillopora meandrina, Pavona varians and Montipora patula. The census of
invertebrates noted eight species present including the spindle shell (Latirus nodatus), christmas
tree worm (Spirobranchus gigantea) and six echinoderm species: green sea urchin (Echinometra
mathaer), black sea urchin (Tripneustes gratilla), wana (Echinothrix diadema), banded urchin
(Echinothrix calamaris), slate pencil sea urchin (Heterocentrotus mammillatus) and the serrate
urchin (Chondrocidaris gigantea).

The results of the fish census are given in Appendix 1. In total, 26 species and 245
individuals were censused in the 4 x 25 m survey area. The most common species were the
Pacific gregory (Stegastes fasciolatus), the whitebar surgeonfish or maiko’iko (4canthurus
leucoparieus), the bluelined surgeonfish or maiko (dcanthurus nigroris), the kole (Ctenochaetus
strigosus) and the yellow tang or lav’ipala (Zebrasoma flavescens). The standing crop was
estimated to be 208 g/m?; the species making the largest contribution to this biomass include the
maiko’iko (Acanthurus leucoparieus) making up 28% of the total, the maiko (Acanthurus
nigroris) adding 32% and the na’ena’e (Acanthurus olivaceus) comprising 9% of the standing
crop at this station.

D. Coral/Invertebrate Communities

The marine communities fronting the North Beach project site are reasonably well-developed
where hard substratum occurs. Many coral reef organisms require a solid stable substratum on
settle, grow and/or feed. Among the species with these requirements are corals which through
their growth, create shelter for many other reef organisms. The coral community offshore of
North Beach is diverse with relatively high coverage suggesting that this community receives
some level of disturbance from storm waves.
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TABLE 12, Summary of the benthic survey conducted at biological Station 3 approximately 80
m offshore of the beach fronting the beach park at the south end of the North Beach project site
West Maui in the biotope of Porites corals on 16 November 2010. Results of the 6 m* quadrat
sampling of the benthic community (expressed in percent cover) are given in Part A, Part Bis a
50-point analysis, Part C is a list of macroinvertebrates and Part D is a summary of the fish
census. Water depth 6.7 m; mean algal coverage is 1.6% and coral coverage is 45.1% (quadrat
method).

A. Quadrat Survey

Quadrat Number
Species Om S5m 10m 15m 20m 25m
Algae
Peyssonellia rubra I.5 1.0
Amansia glomerata 2.4 2.0 1.0 3.0 0.7
Porolithon onkodes 1.0 1.5 1.0
Corals
Porites lobata 80.0 14.0 7.0 11.0 17.0  53.0
Porites compressa 40 100 12.0 2.0 4.0 3.0
Pocillopora meandrina 5.5 1.1 3.5
Pavona varians 1.0 1.0
Montipora verrucosa 9.5 4.0 14.0 4.0 .
Montipora patula 1.0 1.0 1.9 1.0 3.0 1.1
Sand 3.0
Hard Substratum 125 556 695 68.0 655 404
B. 50-Point Analysis
Species Percent of the Total
Algae
Peyssonellia rubra 2
Amansia glomerata 4
Porolithon onkodes 2
Corals
Porites lobata 12
Porites compressa 10
Montipora verrucosa 8
Montipora patula 2
Hard Substratum 60
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TABLE 12. Continued.

C. Invertebrate Census (4 x 25 m)

Species Number

Phylum Mollusca

Latirus nodatus 1
Phylum Annelida

Spirobranchus gigantea 19
Phylum Echinodermata

Echinometra mathaei 65

Tripneustes gratilla 5

Echinothrix diadema 6

Echinothrix calamaris i

Heterocentrotus mammillatus 1

Chondrocidaris gigantea 1

D. Fish Census (4 x 25m)

26 Species
245 Individuals
Estimated Biomass = 208 g/m?
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Physical disturbance from occasional storm surf is one of the most important parameters in
determining the structure (i.e., species and coverage) of Hawaiian coral communities (Dollar
1982). Numerous studies have shown that occasional storm generated surf may keep coral reefs
in a non-equilibrium or sub-climax state (Grigg and Maragos 1974, Connell 1978, Woodley ef al.
1981, Grigg 1983). These intermediate levels of disturbance result in the greatest diversity in
coral communities. At either end of the physical disturbance spectrum, the coral community will
be either reduced to a few hardy species with low coverage where disturbance is high or where
disturbance is very low, low species number but high coverage will be present {Connell 1978).
The large expanses of near-featureless lava or limestone substratum present around much of the
Hawaiian Islands at depths less than 30 m suggest that wave impact occurs with some frequency
with sufficient force to have a high impact on the coral community (Brock and Norris 1989).
These same wave forces also impinge and impact fish communities (Walsh 1983).

A second source of disturbance to marine communities (and especially corals) is through
sedimentation. Sediment is derived from natural runoff from land and major input may occur
with high rainfall but such events are not common in the Kaanapali area where annual rainfall is
about 15 inches per year. Under such low rainfall regimes natural vegetative cover may be
incomplete and heavy rainfall if it occurs could trigger runoff to the sea. A second source of
sediment is through the abrasion, scouring and resuspension of materials caused by high surf.

Sedimentation has been implicated as a major environmental problem for coral reefs.
Increases in turbidity may decrease light levels resulting in a lowering of primary productivity.
Perhaps a greater threat would be the simple burial of benthic communities that may occur with
high sediment loading. Many benthic species including corals are capable of removing sediment
settling on them by secreting mucous but there are threshold levels of deposition where cleaning
mechanisms may be overwhelmed and the individual becomes buried. However, the impact of
sedimentation on Hawaiian reefs may be overstated. Dollar and Grigg (1981) studied the fate of
benthic communities at French Frigate Shoals in the Northwest Hawaiian Islands following the
accidental spill of 2000 tons of kaolin clay. These authors found that after two weeks there was
no damage to the reef corals and associated communities except where the organisms were
actually buried by the clay deposits for a period of more than two weeks.

The condition of the coral communities offshore of North Beach does not suggest that
sedimentation has had any recent discernible impact which could be surprising to some
especially following the recent 12.0-inch rainfall event in December 2007 where considerable
runoff occurred along the entire Kaanapali coastline. As noted above, North Beach coral
communities appear to be healthy with many colonies of reasonable size. Large colony size
coupled with the known slow growth characteristics of Hawaiian corals suggests that these
communities have persisted at this location for many years. This persistence is probably related
to the relative protection afforded along this section of coast to storm generated surf as well as an
ability of these corals to persist under occasional conditions of high turbidity. However if
turbidity is great enough or if storm waves are of sufficient magnitude, stress and mortality as
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well as colony breakup by waves may result among those corals with the least tolerance to these
perturbations. These statements must be tempered by the “apparent” mortality of a relatively
large colony of Porites lobata as noted above in the August 2009 survey located at Station 3 and
its recovery as noted in the April 2010 survey. Examination of other corals in the near vicinity in
the recently apparent mortibund specimen in August 2009 did not find any other similar mortality
suggesting that this was a singular event. The mechanisms involved in the apparent recovery of
the colony as seen in April 2010 are unknown.

The invertebrate censuses did not yield any unusual results; species common to the habitats
examined in this study are the same as one would encounter elsewhere in the Hawaiian Islands in
similar habitats. As noted in the methods section, the census techniques used here for
macroinvertebrates (other than corals) assessed only those species that are large (greater than 2
cm in some dimension), diurnally exposed, and are motile. The method is probably accurate for
some of the echinoderm and mollusk species but little else. Thus the macroinvertebrate census
data are of limited value for describing the benthic community. Sessile and/or colonial forms are
assessed by use of the quadrat technique and this method accurately quantifies exposed sessile
and colonial forms.

E. Fish Communities

Studies conducted on coral reefs in Hawaii and elsewhere have estimated fish standing crops
to range from 20 to 200 g per square meter (Brock 1954, Brock ef al. 1979). Eliminating the
direct impact of man due to fishing pressure and/or pollution, the variation in standing crop
appears to be related to the variation in the local topographical complexity of the substratum.
Thus habitats with high structural complexity affording considerable shelter space usually harbor
a greater estimated standing crop of coral reef fish; conversely, transects conducted in structurally
simple habitats (e.g., sand flats) usually result in a lower estimated standing crop of fish (0.2 to
20 g/m*). Goldman and Talbot (1975) noted that the upper limit to fish biomass on coral reefs is
about 200 g/m’. Past studies (Brock and Norris 1989) suggest that with the manipulation
(increasing) of habitat space or food resources (Brock 1987), local fish standing crops may
approach 2,000 g/m? Thus under certain circumstances, coral reefs may be able to support much
larger standing crops of fishes than previously realized.

Unusually high biomass estimates (close to or above 200 g/m?) have been encountered at
Stations 2 and 3 over a number of the surveys. Biomass estimates in the November 2010 survey
noted a mixed species school of fishes (maiko’iko - Acanthurus leucoparieus, maiko -
Acanthurus nigroris, manini - Acanthurus triostegus, kole - Ctenochaetus strigosus and kala lolo
- Naso brevirostris) present in the transect area at station 3. These and other species including
parrotfishes and triggerfishes often pass through the transect area while the fish census is in
progress. When this happens the estimated standing crop is often elevated. In the April 2010
survey biomass estimates were low were low but in the August 2009 survey noted a high
standing crop of fishes at Station 2 where a mixed school of surgeonfishes [pualo (Acanthurus
blochii), maiko (4canthurus nigroris), na’ena’e (Acanthurus olivaeus) and kala lolo (Naso
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brevirostris)] and parrotfishes including palukaluka (Scarus rubroviolaceus) passed through the
transect area during the census. In the August 2009 survey the important contributors to the
elevated standing crop estimate were the pualo (Acanthurus blochii), the palukaluka (Scarus
rubroviolaceus) and to a lesser extent, the kala lolo (Naso brevirostris). In past surveys when
high standing crops are not noted at either stations 2 or 3, many of the fishes that usually
contribute to unusually high standing crops have been seen in the vicinity but did not enter the
transect areas so were not counted which was the case in the April 2010 survey at stations 2 and
3. In most surveys, species contributing to the high biomass Station 2 (offshore of the drainage
swale) have been due to the encounter with the mixed species resident school that often includes
the orangespine unicornfish or umaumalei (Naso lituratus), bluespine unicornfish or kala (Naso
unicornis), paletail unicornfish or kala lolo (Naso brevirostris), orangebar surgeonfish or
na’ena’e (Acanthurus olivaceus), yellowstripe goatfish or weke (Mulloides flavolineatus) and
occasionally the blue trevelly or omilu (Caranx melampygus). At station 3 (seaward of Kahekili
Beach Park) species that have increased the biomass estimates include a large resident school of
paletail unicornfish or kala lolo (Naso brevirostris) as well as a smaller aggregation of redlip
parrotfish or palukaluka (Scarus rubroviolaceus). As noted above these resident schools of
fishes are seen but may not enter the census area. Thus encounters with schools of fishes having
territories considerably larger than the 100 m? transect area will often result in unusually high
biomass estimates.

At station 3 (offshore of Kahekili Beach Park) many of the fishes censused on the transect
have not been particularly wary of the individual counting the fishes. Indeed, their overt friendly
behavior suggests that some feeding has occurred in the past. The area is used by SCUBA dive
tours (although no longer legal) as well as individual SCUBA divers conducting shore dives from
the park. It is surmised that some of these shore divers are feeding the fishes which could
explain the high biomass estimates often encountered at this station.

In the November 2010 survey the author encountered a series of wire cages staked, tied or
stuck into the substratum (primarily comprised of live coral) at Station 3. These cages were
roughly about a square meter in size and were situated in a line approximately paralleling the
shoreline. Each bore a tag stating “Please do not Disturb - Experiment in Progress” and a name
phone number and Scripps Institution (in California). These cages must be part of an experiment
involving herbivorous species that are protected in the area.

The results of November 2010 biological survey have not noted any unusual species or
possible problems in the marine communities in the waters fronting the North Beach project.
The species composition and abundances encountered are similar to that encountered at other
West Maui locations. There is no evidence that the past (Phases 1 and 2} or ongoing construction
(SVO Pacific Phase 3 or Lot 4 at the northern end of North Beach) is having any quantifiable
impact on the adjacent marine communities.

F. Changes in Algal Communities
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Community structure refers to the species, their abundance and distribution within a given
community. Here our concern is with the macroalgae some species of which have been a
problem on the West Maui coast. In this study, algal community structure is measured by the
species present, their coverage and biomass.

Six stations were established to quantitatively sample the algal communities present in the
waters fronting the North Beach project site. The locations of these sites is given in Figure 2;
three of the sites are inshore of the marine biological stations and three are directly adjacent to
these stations. Algae are removed from a 0.1 m® ring which is randomly tossed in the ocean at
each location. In the laboratory, algae from each sample are sorted to species, and oven dried to
constant weight. At each of the marine biological stations, six one-meter square quadrats are
placed on the 25 m-long transect line at the three permanently marked marine biological stations
(Figure 2) to obtain field estimates of coverage by the algae present.

The species present and their coverage estimates in each of the six one-meter square quadrats
are given in Tables 10, 11 and 12 for the three stations in the November 2010 survey. Table 13
presents the total dry weight biomass and percentage contribution by each macroalgal species
collected in the November 2010 survey as well as for the nineteen preceding biological survey
periods in the 0.1 m? collection areas and Table 14 presents a summary of all quantitative
biological data collected to date. It should be noted that no macroalgae were collected from the
two north station locations (shallow and deep) in the February 2006 survey as well as in the
middle (drainage swale) inshore station in the November 2010 survey because recent surf had
probably broken all the algal fronds (thalli) loose leaving only holdfasts. Following these periods
of higher surf, there is often considerable loose algae being moved about and often these broken
fronds collect in local depressions.

Examining the algal data from a statistical perspective (Kruskal-Wallis ANOVA) shows some
significant change occurring through time but this change is not related to the ongoing North
Beach development. Specifically, mean algal biomass (dry weight) by station (i.e., north, middle
or south) is arrived at by combining all dates shows no significant difference among the mean
standing crops of algae at three stations (north station mean = 2.66 g, middle station mean = 2.36
g and south station mean = 2.88 g dry weight). However, examining the mean algal biomass for
each of the twenty sample dates (by combining stations for each date) shows that significant
differences (P<0.0001, significant) exist among the mean standing crops for different sample
dates (see Table 15). Application of the SNK Test to these data supports these results but there is
considerable overlap among the means suggesting that any significant differences would lie only
with the two extremes in these data (Table 15).

Running the same statistics for algal percent cover, we find that the mean algal cover by
sample date (combining all stations) shows a significant change (P>0.0001, significant) over time
using the Kruskal-Wallis ANOVA and the SNK Test finds that the mean algal coverage at the
south station (mean=4.97%) is significantly greater than the mid (mean=3.03%) and north
(mean=1.82%) station groups. Using the Kruskal-Wallis ANOVA and examining the mean algal
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TABLE 13. Percent by dry weight contribution by algal species collected in 0.1 m? areas at six
locations (stations A-1, A-2, B-1, B-2, C-1, C-2, see Figure 2) fronting the North Beach project
site on twenty occasions commencing in February 2001 through November 2010. In the body of
the table are given the percentages by weight contributed by each species at each station; also
given at the foot of the table is the total dry weight of algae collected at that station. Note that
“A” stations are north, “B” stations are middle and “C” stations are south; stations marked “1"
are deep and those marked “2" are shallow.

23 February 2001

Species A-1 A-2 B-1 B2 C-1 C2
Asparagopsis taxiformis 84.6
Amansia glomerata 13.3 36.0 78.9
Corallina sp. 18.1 7.4
Cladophora sericea (loose) 32.6
Dictyota bartayresii 52
Gracilaria coronopifolia 30.7
Hypnea musciformis 27.0 11.3
Laurencia nidifica 2.1 103 37.0 9.8
Pterocladia caerulescens 2.3
Sargassum echinocarpum 3.1
Ulva fasciata 90.3 100
Total Dry Weight (g) 058  3.51 131 241 418 215

(Table Continued on Next Page)
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TABLE 13. Continued.

10 August 2001

Species A-1 A-2 B-1 B2 C-1 C-2
Acanthophora spicifera 395
Amansia glomerata 6.7 26.1
Cladophora sericea (loose) 19.1 152 237 4.3 10.0 27
Coelothrix irregularis 33
Galaxaura fastigata 26.2
Gracilaria bursapastoris 7.6
Gymnogongrus sp. 3.6
Hypnea musciformis 44.1
Halimedia opuntia 12.6
Jania sp. 1.1
Laurencia nidifica 6.8 322 0.5 2.2
Martensia fragilis 50.7
Sargassum echinocarpum 5.6
Sargassum polyphyllum 51.8
Spatoglossum solierii 0.4
Spyridia filamentosa 80.9 82.8
Ulva fasciata 40.3
Total Dry Weight (g) 2.67 816 220 5.01 11.73 3.86

(Table Continued on Next Page)
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TABLE 13. Continued.

13 February 2002

Species A-1 A-2 B-1 B2 C1 C2
Acanthophora spicifera 12.3
Amansia glomerata 97.0 57.1 68.0 100.0
Asparagopsis taxiformis 0.5 211 2.0
Cladophora sericea (loose) 15.5
Hyprnea musciformis 20.4 12.0 0.3
Halimedia opuntia 2.5 23.9
Laurencia nidifica 24.5
Pterocladia capiliacea 17.2 1.2
Turbinaria ornata 14.0
Ulva fasciata 4.5 99.7
Velonia ventricosa 6.3
Total Dry Weight (g) 2.83 431 396 474 217 8.19

20 August 2002

Species A-1 A-2 B-1 B2 C1 C2
Acanthophora spicifera 19.5 494 100
Amansia glomerata 95.7
Cladophora sericea (loose) 91.8 17.4
Dictyota bartayresii 0.7
Halimedia opuntia 353
Hypnea musciformis 4.3
Laurencia nidifica 82 433
Sypridia filamentosa 332
Turbinaria ornata 1.2
Ulva fasciata 100
Total Dry Weight (g) 340 594 509 883 2540 2.82
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TABLE 13. Continued.

20 February 2003

Species A-1 A-2 B-1 B-2 C-1 C-2
Acanthophora spicifera 100.0 61.8 40.4
Amansia glomerata 70.4
Asparagopsis taxiformis 29.6
Hypnea musciformis 62.7 239
Halimedia opuntia 11.3
Laurencia nidifica 20.2 18.9
Turbinaria ornata 100.0 58
Ulva fasciata 38.2 16.8
Total Dry Weight (g) .16 897 085 381 220 5384

19 September 2003

Species A-1 A-2 B-1 B-2 C-1 Cc-2
Acanthophora spicifera 355 583 449 824
Amansia glomerata 100.0 17.7 53.7
Coelothrix irregularis 55.1
Halimedia opuntia 9.3
Laurencia nidifica 395 24.0 8.6
Sargassum echinocarpum 15.7 9.0
Spyridia filamentosa 46.3
Total Dry Weight (g) 272 5.61 6.10 661 1.81 5.50
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TABLE 13. Continued.

15 March 2004

Species A-1 A-2 B-1 B2 C1 C-2
Acanthophora spicifera 315
Amansia glomerata 100
Asparagopsis taxiformis 100
Chlorodesmis hildenbrandtii 59.1 13.3
Graciliaria bursapastoris 0.6
Hypnea musciformis 15.1 40.9
Jania sp. 15.5
Laurencia nidifica 26.7
Ulva fasciata 10.5 86.7
Total Dry Weight (g) 0 412 1.15 0.83 1.08 0.66

4 August 2004

Species A-1 A-2 B-1 B-2 C-1 C-2
Acanthophora spicifera 6.0
Amansia glomerata 11.7
Asparagopsis taxiformis 22.4
Laurencia nidifica 34.9 10.8
Lyngbya majuscula 55.1
Turbinaria ornata 100
Ulva fasciata 9.1 100 100
Total Dry Weight (g) 3.58 317 473 10.61 0 5.76
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TABLE 13. Continued.

15 February 2005

Species A-1 A-2 B-1 B-2 C(C-1 C-2
Acanthophora spicifera 0.2 85.7 95.2
Amansia glomerata 100 100
Asparagopsis taxiformis 100
Hypnea musciformis 77.3 14.3
Laurencia nidifica 3.7
Turbinaria ornata 18.8
Ulva fasciata 4.8
Total Dry Weight (g) 1.27 911 0.10 3.11 042 324

4 August 2005

Species A-1 A-2 B-1 B-2 C-1 C-2
Acanthophora spicifera 2.8 60.5 100
Amansia glomerata 82.8 73.1
Asparagopsis taxiformis 8.3
Cladophora sericea (loose) 17.2 5.3
Cladophoropsis luxurians 1.3
Hypnea musciformis 26.0
Hypnea chordacea 26.9
Laurencia nidifica 40.3
Turbinaria ornata 60.6
Ulva fasciata 100
Total Dry Weight (g) 1.82 663 181 782 486 0.60
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TABLE 13. Continued.

28 February 2006
Species A-1 A-2 B-1 B2 C-1 C-2
Amansia glomerata * * 100 83.1
Asparagopsis taxiformis * * 100
Galaxaura acuminata * * 100
Turbinaria ornata * * 16.9
Total Dry Weight (g) * * 062 005 039 099

*NOTE: High surf removed all macroalgae at north sites using 10 random tosses

of the sample ring.

29 August 2006

Species A-1 A-2 B-1 B-2 C-1 C-2
Cladophora servicea 100
Ulva fasciata 19
Acanthophora spicifera 28
Hypnea musiformis 1
Hypnea chordacea 100
Laurencia nidifica 52
Amansia glomerata 100
Asparagopsis taxiformis 100
Actinotrichia fragilis 32
Turbinaria ornata 67

043 475 428 144 205 2.29

Total Dry Weight (g)
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TABLE 13. Continued.

13 February 2007
Species A-1 A-2 B-1 B-2 C-1 C-2
Amansia glomerata 18 100 100 100
Asparagopsis taxiformis 100 66 82
Acanthophora spicifera 34
Total Dry Weight (g) 002 027 096 6.13 1.87 0.82
14 August 2007
Species A-1 A-2 B-1 B2 C1 C=2
Dictyota bartayresii 0.3
Laurencia nidifica 14
Amansia glomerata 100 746 997 732 100
Asparagopsis taxiformis 3.8
Turbinaria ornata 86
Tlypiocladia glomerulata 21.6 26.8
Total Dry Weight (g) 0.18 387 066 089 145 1.17
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TABLE 13. Continued.

19 February 2008
Species A-1 A-2 B-1 B2 C(C-1 C-2
Amansia glomerata 100 100 100 100
Asparagopsis taxiformis 100
Ulva flexuosa 100
Total Dry Weight (g) 1.04 048 062 6.00 0.13 0.003
20 August 2008
Species A-1 A-2 B1 B2 C1 C(C-22
Amansia glomerata 100 89.1 100 805
Asparagopsis taxiformis 10.9
Cladophora servicea 97.4
Coelothrix irregularis 1.6
Halimedia opuntia 2.6
Tolypiocladia glomerulata 18.5
Turbinaria ornata 98.4
Total Dry Weight (g) 028 323 1.07 072 233 224
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TABLE 13. Continued.

17 March 2009
Species A-1 A-2 B-1 B2 C1 C2
Amansia glomerata 80.5 100 100
Asparagopsis taxiformis 11.7 64.3
Acanthophora spicifera 16.9 35.7
Gelidiella acerosa 71.4
Coelothrix irregularis 19.5
Turbinaria ornata 100
Total Dry Weight (g) 097 075 .03 214 3.63 1.52
18 August 2009
Species A-1 A-2 B-1 B2 C-1 C2
Amansia glomerata 100
Tolypiocladia giomerulata 100 100
Siphonocladus tropicus 100
Halimeda discoidea 374
Cladophora vagabunda 62.6
Desmia hornemannii 100
Total Dry Weight (g) 165 480 024 012 069 0.13

81







TABLE 13. Continued.

7 April 2010
Species A-1 A-2 B-1 B2 C1 C2
Amansia glomerata 100 100
Asparagopsis taxiformis 11.7
Galaxura rugosa 4.1
Galaxura fastigiata 48.8
Graciliaria coronopifolia 1.2
Jania pumila 100
Turbinaria ornata 94.7 100
Ulva fasciata 39.5
Total Dry Weight (g) 0.16 2.08 0.08 601 034 177
16 November 2010
Species A-1 A-2 B-1 B2 C1 C=2
Amansia glomerata 100 100 * 100
Dichotomaria marginata * 100
Grateloupia filicina 13.3 *
Halimenda opuntia 54.4 *
Turbinaria ornata 323 *
Total Dry Weight (g) 0.31 142 042 * 0.88 027

*NOTE: Macroalgae absent at middie inshore site using 10 random tosses of the sample ring.
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TABLE 14. Summary of data from six one-meter square quadrats placed at each of three
stations on twenty dates as well as a summary from the algal biomass estimates (dry weight) at
each of six stations. Note that “A” stations are north, “B” stations are middle and “C” stations
are south. Stations marked “1" are deep and “2" are shallow. Also note that the full suite of
biological parameters were formerly only collected annually (in February) thus open spaces in the
early August/September survey periods indicate data not collected.

Date and Station Number Station
Parameter A-l A2  B-1 B-2 C-1 C-2  Mean
February 2001
1. Quadrat Data
# Algal Spp 7 8 3 6
% Algal Cover 0.9 4.0 32 2.7
# Coral Spp 6 6 6 6
% Coral Cover 45.5 25.5 45.9 39.0
2. Biomass Data
# Algal Spp 3 6 3 3 3 1 3
Algal Biomass (g) 0.6 3.5 [.3 24 42 2.2 2.4
3. Transect Data
# Fish Spp 18 13 32 21
# Fish Ind 108 74 398 193
Fish Biomass (g/m?) 197 28 981 402
# Invert Spp i1 3 5 8
# Invert Ind 183 68 118 123
August 2001
1. Quadrat Data
# Algal Spp 8 11 10 10
% Algal Cover 12.1 13.0 9.8 11.6
# Coral Spp
% Coral Cover 44.4 249 452 38.2
2. Biomass Data
# Algal Spp 2 7 3 5 4 6 5
Algal Biomass (g) 2.7 8.2 2.2 5.0 11.7 3.9 5.6
3. Transect Data
# Fish Spp
# Fish Ind
Fish Biomass (g/m?)
# Invert Spp
# Invert Ind
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TABLE 14. Continued.

Date and Station Number Station
Parameter A-1 A-2  B-l B-2 C-1 C-2 Mean
February 2002
1. Quadrat Data
# Algal Spp 9 5 4 6
% Algal Cover 1.4 3.1 6.3 36
# Coral Spp 6 5 6 6
% Coral Cover 344 13.9 40.0 29.4
2. Biomass Data
# Algal Spp 3 5 4 6 1 2 4
Algal Biomass (g) 28 43 4.0 47 2.2 8.2 4.4
3. Transect Data
# Fish Spp 8 17 21 15
# Fish Ind 34 89 107 77
Fish Biomass (g/m?) 12 34 108 51
# Invert Spp 7 10 8 8
# Invert Ind 107 38 63 69
August 2002
1. Quadrat Data
# Algal Spp 9 8 5 7
% Algal Cover 6.1 4.7 5.0 53
# Coral Spp
% Coral Cover 38.5 19.1 34.0 30.5
2. Biomass Data
# Algal Spp 2 5 3 1 2 I 2
Algal Biomass (g) 33 5.9 5.1 8.8 254 2.8 8.6
3. Transect Data
# Fish Spp
# Fish Ind
Fish Biomass (g/m?)
# Invert Spp
# Invert Ind
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TABLE 14. Continued.

Date and Station Number Station
Parameter A-1 A2 B-1 B-2 C-1 C-2  Mean
February 2003
1. Quadrat Data
# Algal Spp 6 5 6 6
% Algal Cover 1.4 1.6 5.1 2.7
# Coral Spp 6 4 5 5
% Coral Cover 259 19.2 33.0 26.0
2. Biomass Data
# Algal Spp 4 I 2 2 4 2
Algal Biomass (g) 1.2 9.0 0.9 38 2.2 58 3.8
3. Transect Data
# Fish Spp 14 15 25 18
# Fish Ind 104 194 205 168
Fish Biomass (g/m?) 55 250 419 241
# Invert Spp 13 12 7 11
# Invert Ind 119 85 84 96
September 2003
1. Quadrat Data
# Algal Spp 4 3 7 5
% Algal Cover 1.6 7.7 10.1 6.5
# Coral Spp 7 5 5 6
% Coral Cover 37.6 21.7 37.6 323
2. Biomass Data
# Algal Spp 1 4 3 2 2 3 3
Algal Biomass (g) 2.7 5.6 6.1 6.6 1.8 55 47
3. Transect Data
# Fish Spp
# Fish Ind
Fish Biomass (g/m*)
# Invert Spp
# Invert Ind
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TABLE 14. Continued.

Date and Station Number Station
Parameter A-1 A2 B-1 B-2 C-1 C-2 Mean
March 2004
1. Quadrat Data
# Algal Spp 1 2 3 2
% Algal Cover 0.6 0.9 2.0 1.2
# Coral Spp 7 5 5 6
% Coral Cover 29.7 25.3 44.0 33.0
2. Biomass Data
# Algal Spp ] 6 1 2 1 2 2
Algal Biomass (g) 0 4.1 1.2 0.8 1.1 0.7 1.3
3. Transect Data
# Fish Spp 10 25 26 20
# Fish Ind 32 199 120 117
Fish Biomass (g/m?) 13 190 76 93
# Invert Spp 5 9 9 8
# Invert Ind 127 105 110 114
August 2004
1. Quadrat Data
# Algal Spp 5 4 3 4
% Algal Cover 0.3 1.2 2.2 1.2
# Coral Spp 7 5 6 6
% Coral Cover 27.9 22.5 35.6 28.7
2. Biomass Data
# Algal Spp 1 3 4 | 0 1 2
Algal Biomass (g) 3.6 32 4.7 10.6 0 5.8 4.7
3. Transect Data
# Fish Spp 12 12 22 15
# Fish Ind 63 62 133 86
Fish Biomass (g/m?) 34 61 46 47
# Invert Spp 8 8 7 g
# Invert Ind 104 68 108 93
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TABLE 14. Continued.

Date and Station Number Station
Parameter A-1 A-2 B-1 B-2 C-1 C-2 Mean
February 2005
1. Quadrat Data
# Algal Spp 3 3 3 3
% Algal Cover 0.2 0.6 3.8 1.5
# Coral Spp 7 5 5 6
% Coral Cover 45.9 26.5 36.9 36.4
2. Biomass Data
# Algal Spp 1 4 1 2 1 2 2
Algal Biomass (g) 1.3 9.1 0.1 3.1 0.4 0.7 2.5
3. Transect Data
# Fish Spp 7 22 34 21
# Fish Ind 43 121 244 136
Fish Biomass (g/m?) 55 194 391 213
# Invert Spp 11 7 8 9
# Invert Ind 184 41 165 130
August 2005
1. Quadrat Data
# Algal Spp 5 6 5 5
% Algal Cover 1.0 3.7 4.5 3.1
# Coral Spp 7 6 5 6
% Coral Cover 29.0 22.5 311 275
2. Biomass Data
# Algal Spp 2 4 4 1 1 2 2
Algal Biomass (g) 1.8 6.6 1.8 7.8 4.9 0.6 3.9
3. Transect Data
# Fish Spp 22 15 33 23
# Fish Ind 125 127 207 153
Fish Biomass (g/m?) 140 28 231 133
# Invert Spp 10 10 8 9
# Invert Ind 197 99 121 139
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TABLE 14. Continued.

Date and Station Number Station
Parameter A-l A-2  B-1 B-2 C-1 C-2 Mean
February 2006
1. Quadrat Data
# Algal Spp 4 4 2 3
% Algal Cover 1.0 1.0 0.5 0.8
# Coral Spp 7 5 6 6
% Coral Cover 50.0 349 34.6 39.8
2. Biomass Data
# Algal Spp 0 0 | 1 1 2 1
Algal Biomass (g) 0.0 0.0 0.6 0.1 0.4 1.0 04
3. Transect Data
# Fish Spp 18 23 29 23
# Fish Ind 108 137 412 219
Fish Biomass (g/m?) 49 100 615 255
# Invert Spp 10 10 9 10
# Invert Ind 189 43 148 127
August 2006
1. Quadrat Data
# Algal Spp 2 3 3 3
% Algal Cover 0.4 4.1 6.7 3.7
# Coral Spp 6 5 6 6
% Coral Cover 33.1 23.2 36.3 30.9
2. Biomass Data
# Algal Spp 1 4 l 1 | 2
Algal Biomass (g) 0.4 4.8 4.3 1.4 2.1 23 31
3. Transect Data
# Fish Spp 17 27 36 27
# Fish Ind 265 258 356 293
Fish Biomass (g/m?*) 678 181 211 357
# Invert Spp 12 13 9 11
# Invert Ind 211 138 172 174
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TABLE 14. Continued.

Date and Station Number Station
Parameter A-1 A2 B-1 B-2 C-l C-2  Mean
February 2007
. Quadrat Data
# Algal Spp 2 3 4 3
% Algal Cover 13 2.0 8.3 39
# Coral Spp 5 5 6 5
% Coral Cover 22.1 26.2 36.5 28.3
2. Biomass Data
# Algal Spp 1 1 1
Algal Biomass (g) 0.02 03 1.0 6.1 1.9 0.8 1.7
3. Transect Data
# Fish Spp 17 23 32 24
# Fish Ind 125 203 357 228
Fish Biomass (g/m?) 44 201 312 186
# Invert Spp 9 8 9 9
# Invert Ind 239 156 124 173
August 2007
1. Quadrat Data
# Algal Spp 3 3 4 3
% Algal Cover 2.2 2.7 7.9 4.3
# Coral Spp 5 6 5 5
% Coral Cover 28.3 23.7 34.5 28.8
2. Biomass Data
# Algal Spp 1 3 I 2 I 2
Algal Biomass (g) 0.2 39 07 0.9 1.5 1.2 1.4
3. Transect Data
# Fish Spp 17 25 31 24
# Fish Ind 167 139 555 287
Fish Biomass (g/m?) 71 58 1,047 392
# Invert Spp 10 10 8 9
# Invert Ind 229 146 142 172
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TABLE 14. Continued.

Date and Station Number Station
Parameter A-1 A-2  B-1 B2 C-1 C-2  Mean
February 2008
1. Quadrat Data
# Algal Spp 2 4 4 3
% Algal Cover 1.6 1.3 33 2.1
# Coral Spp 8 4 5 6
% Coral Cover 32.5 315 37.6 339
2. Biomass Data
# Algal Spp 1 1 1 1 1 1 1
Algal Biomass (g) [.04 048 062 6.0 0.13 0.003 1.4
3. Transect Data
# Fish Spp 11 15 30 19
# Fish Ind 43 77 253 124
Fish Biomass (g/m?) 9 67 218 98
# Invert Spp 13 11 10 11
# Invert Ind 204 161 123 163
August 2008
1. Quadrat Data
# Algal Spp 4 5 7 5
% Algal Cover 0.8 2.6 6.4 33
# Coral Spp 7 4 5 5
% Coral Cover 26.5 28.2 32.0 28.9
2. Biomass Data
# Algal Spp 1 2 2 1 2 2
Algal Biomass (g) 0.3 32 1.1 0.7 2.3 2.2 1.6
3. Transect Data
# Fish Spp 19 23 30 24
# Fish Ind 143 210 189 181
Fish Biomass (g/m®) 59 198 104 120
# Invert Spp 9 11 12 11
# Invert Ind 138 162 173 158
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TABLE 14. Continued.

Date and

Station Number Station
Parameter A-1 A-2 B-1 B-2 C-1 C-2 Mean
February 2009
1. Quadrat Data
# Algal Spp 2 3 3 3
% Algal Cover 0.6 1.9 2.8 1.8
# Coral Spp 7 4 6 6
% Coral Cover 27.0 33.2 394 33.2
2. Biomass Data
# Algal Spp 2 3 2 1 1 | 2
Algal Biomass (g) 097 075 103 214 3.63 1.52 1.67
3. Transect Data
# Fish Spp 9 14 29 17
# Fish Ind 98 133 198 143
Fish Biomass (g/m?) 31 145 399 192
# Invert Spp 7 13 Y 10
# Invert Ind 194 76 180 150
August 2009
1. Quadrat Data
# Algal Spp 3 5 5 4
% Algal Cover 0.6 2.6 7.3 3.5
# Coral Spp 7 6 6 6
% Coral Cover 51.8 36.0 25.6 37.8
2. Biomass Data
# Algal Spp 1 2 1 1 1 1 1
Algal Biomass (g) 1.65 4.80 024 0.12 069 0.13 127
3. Transect Data
# Fish Spp 23 24 37 28
# Fish Ind 233 204 275 237
Fish Biomass (g/m*) 87 306 112 168
# Invert Spp 12 9 10 10
# Invert Ind 198 134 159 164
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TABLE 14. Continued.

Date and Station Number Station
Parameter A-1 A2 B-1 B-2 C-1 C-2  Mean
April 2010
1. Quadrat Data
# Algal Spp 3 3 4 3
% Algal Cover 0.7 0.7 1.6 1.0
# Coral Spp 10 6 7 8
% Coral Cover 294 29.8 41.2 33.5
2. Biomass Data
# Algal Spp 1 3 1 3 1 1 3
Algal Biomass (g) 0.16 208 0.08 601 034 1.77 348
3. Transect Data
# Fish Spp 15 17 32 21
# Fish Ind 70 154 170 131
Fish Biomass (g/m?) 28 80 81 63
# Invert Spp 10 12 12 11
# Invert Ind 185 193 239 206
Date and Station Number Station
Parameter A-l A-2 B-1 B-2 C-1 C-2 Mean
November 2010
1. Quadrat Data
# Algal Spp 2 3 3 3
% Algal Cover 1.5 1.1 2.5 0.9
# Coral Spp 7 6 6 6
% Coral Cover 334 22.4 45.1 33.6
2. Biomass Data
# Algal Spp 1 3 1 0 1 1 1
Algal Biomass (g) 031 142 042 0.0 0388 0.27 0.55
3. Transect Data
# Fish Spp 18 23 26 22
# Fish Ind 136 141 245 174
Fish Biomass (g/m?) 92 135 208 145
# Invert Spp 11 12 8 10
# Invert Ind 176 123 99 133
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coverage by date finds no significant differences among the twenty dates but the SNK Test
separates the August 2001 date as having significantly greater cover (here 11.63%) than all other
dates (from 6.47 to 0.83%) all of which are related (see Table 15). All of these significant and
non-significant differences are related to seasonal changes that affect algal growth, i.e., where
colder water temperatures and shorter days (less daylight) encountered in the winter months
could result in decreases in algal growth at that time of year as well as to surf just prior to
sampling which serves to break off the algal fronds (thalli) thus reducing coverage and biomass
as occurred in the February 2006 and probably prior to the November 2010 surveys.

As noted above, Table 13 presents a summary of the algal biomass data (dry weight) collected
in this study by survey date. Referring to Table 13 and comparing the total and mean algal
standing crops measured over the twenty biological surveys, the standing crops are lower in the
winter months and greater in the summer. This generality is related to seasonal temperatures
(increasing temperatures promote physiological processes, i.e., growth and metabolisn).
Similarly, stations in closer proximity to groundwater discharge (usually those closer to shore)
will have a greater opportunity to take advantage of any elevation of nutrients in the incoming
groundwater discharge. This discharge may favor certain algal species over others. The green
alga, sea lettuce or limu palahala (Ulva fasciata) is often found in greater abundance in areas
close to shore in proximity to groundwater input. If’s relative abundance at Stations B-2 and C-2
in some surveys (see Table 13) suggests that these areas are benefitting from the groundwater
effluxing at the southern part of the North Beach site (fronting Kahekili Beach Park as well as
offshore of the drainage swale) which is supported by the water chemistry data as well as the
findings of Hunt and Rosa (2009). In slightly deeper water where the coral communities are
better developed and where the quantitative marine biological stations have been established, a
dominant alga is Amansia glomerata as demonstrated in both the algal biomass data (Table 13)
as well as in the quadrat data (Tables 10, 11, 12 and summarized in Table 14 as well as in earlier
reports).

Finally in the August 2008 survey one anomaly was noted in the algal community offshore of
drainage swale and Kahekili Beach Park. This small filamentous blue green species
(Hormothamnion enteromorphioides), was found in low coverage in the drainage swale transect
(mean coverage = 0.1%) and in the transect offshore of Kahekili Park where it was more
prevalent (mean coverage = 1.8%). In addition a single larger ~ 3 m x 5m patch of A.
enteromorphioides was seen just shoreward of the transect where it was growing over dead
portions of the finger coral Porites compressa. These observations are mentioned only because
this blue green cyanobacteria had not been previously seen in our (then) seven years of surveys at
North Beach. However by the March 2009 survey, Hormothamnion enteromorphioides was no
longer present at any of the monitoring stations. In the August 2009 survey another blue green
species, Chrysocystis fragilis appeared in the north (Station 1) transect having a mean coverage
0f 0.03% and also in the south (Station 3) transect where mean coverage was 1.2%. We have
encountered Chrysocystis previously on other projects in the West Maui area with low coverage.
This species apparently appears and often disappears quite rapidly. The April and November
2010 surveys did not find either of these two blue green species present.
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There has been concern over non-native or alien algal species becoming dominant in the
marine flora along certain Maui coastlines. This has been a reoccurring problem in certain areas
around Maui. At North Beach there have been “blooms” of the stringy green alga Cladophora
sericeq but this has not happened in recent years. The first occurrence of Cladophora sericea
seen by this author at North Beach was in 1989 and most of this alga was found offshore filling
the entire water column as free-floating clumps) to depths in excess of 30 m (100 ft) and clumps
of this alga were entangled with and covering many corals on the bottom. At that time, the alga
was also present close to the beach as well where it was entangled in many of the corals as well
as the hard substratum. The overall impression was that this alga appeared to be coming from
deeper waters and did just fine living unattached in the water column but its greatest threat to
benthic biota appeared to be entanglement and possibly smothering of corals. Until the 1989
event, the author had never previously seen Cladophora sericea and surmised at that time that it
represented a recent introduction. However phytocologists have determined that Cladophora
sericea is a local species.

Since the commencement of this monitoring program in February 2001, Cladophora sericea
has been encountered in the February and August surveys in 2001 and 2002 then in August 2005,
August 2006 and again in August 2008 (see Table 13). Only in the August 2001 survey was it
found at all six algal biomass stations, otherwise it has been collected at the north and middle
fransect areas most commonly in the deeper transect sites. The most common alien alga species
encountered in this study has been Acanthophora spicifera which has been a part of the Hawaiian
algal flora since the early 1950's. Other than Cladophora sericea, the green sea lettuce or limu
pahalalaha (Ulva fasciata; a native species) may become a locally dominant form especially
where high nutrient groundwater enters the ocean. Limu pahalalaha has been present in most of
the surveys especially in the nearshore waters fronting the drainage swale and Kahekili Beach
Park near identified areas of groundwater efflux (Hunt and Rosa 2009).

G. Threatened and Endangered Species

Because of low population numbers, the Hawaiian green sea turtle (Chelonia mydas) was
given protected status under the federal Endangered Species Act in the mid-1970's. Green turtles
as adults are known to forage and rest in the shallow waters around the main Hawaiian Islands.
Reproduction in the Hawaiian population occurs primarily during the summer months in the
Northwest Hawaiian Islands with adults migrating during the early summer to these isolated
atolls and returning in the late summer or early fall. In the main Hawaiian Islands, green turtles
rest along ledges, caves or around large coral mounds in coastal waters usually from 15 to 20 m
in depth during the day. Under the cover of darkness, turtles will travel inshore to shallow
subtidal and intertidal habitats for forage on algae or limu (Balazs ef al. 1987). The normal range
of these daily movements between resting and foraging areas is about one kilometer (Balazs
1980, Balazs et al. 1987). In general, appropriate algal forage for these turtles is found in
shallow waters inshore of the resting areas. Selectivity of algal species consumed by Hawaiian
green turtles appears to vary with the locality of sampling, but stomach content data show
Acanthophora spicifera and Amansia glomerata to quantitatively be the most important (Balazs

94







et al. 1987); the preferences may be due to the ubiquitous distribution of these algal species. The
algal data collected under this monitoring program show that Amansia glomerulata to be the
most common species at the sampling stations and it is probably an important forage item for
green turtles seen in this monitoring program.

The Hawaiian green turtle population has rebounded under the 30+ years of federal protection
afforded to it such that today, green turtles are commonly seen in the waters fronting most
beaches around the islands. In contrast, the hawksbill turtle (Eretmochelys imbricata) is much
less common and much less is known about its biology in Hawaiian waters. Hawksbill turtles do
not attain the size of green turtles in Hawaiian waters, nest on very small and isolated beaches
around the main islands and are omnivorous in their feeding habits. The hawksbill is also
protected under federal and state law. In the waters fronting the North Beach project site no
hawksbill turtles have been seen during any of our surveys.

On 6 February 2001 two green sea turtles (Chelonia mydas) were seen offshore of the public
park at the south end of the North Beach project site. One individual had an estimated straight-
line carapace length of 50 cm and the second was estimated to be about 70 cm. On the 23
February 2001 survey, one green sea turtle was seen offshore and north of biological station A
(about 50 m away). This turtle had an estimated straight-line carapace length of 60 cm. At
station C on the same date another green turtle was encountered on the transect; this individual
had no visible evidence of tumors or tags and was estimated to be about 60 cm in straight-line
carapace length. A second turtle was seen inshore of station C and had an estimate straight-line
carapace length of 50 cm.

The 10 August 2001 survey noted two green turtles; the first was seen on the permanent
transect offshore of the middle part of the North Beach site. This turtle was resting on the
bottom adjacent to a Porites lobata coral colony and had an estimated straight-line carapace
length of 45 cm with no evidence of visible tumors or tags. The second turtle with an estimated
straight-line carapace length of 50 cm was seen about 5 m shoreward of the south permanent
transect offshore of Kahekili Park. No other sea turtles were seen in the waters fronting the
North Beach site during the August survey.

In the February 2002 survey a green turtle with an estimated straight-line carapace length 45
cm was encountered on the bottom next to a Porites lobata coral colony at station B (the middle
biological station - Figure 2) and had no visible tumors or tags. It is believed that this is the same
turtle encountered at this site in the August 2001 survey. Two green sea turtles were seen in the
vicinity of station C (the southernmost station offshore of Kahekili Park) in the February 2002
survey. These turtles had estimated straight-line carpace lengths of 50 and 75 cm and both were
resting on the bottom at the time of sighting. Neither turtle bore evidence of tags or tumors.

Similarly, in the August 2002 survey an approximate 45 cm straight-line carapace length

turtle was again encountered at Station B resting on the bottom at the same location at Station B.
Once again, two green turtles were seen in the vicinity of Station C; one of these was about 50
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cm in straight-line carapace length and was adjacent to the biological sampling station while the
second was about 25 m offshore apparently feeding on algae (limu). This turtle had an estimated
straight-line carapace length of 75 cm and was a male. None of the turtles seen in the August
2002 survey appeared to have any tags or tumors.

The February 2003 survey noted only one turtle present near Station C; this individual was
estimated to have a straight-line carapace length of 50 cm and was seen on the bottom about 6 m
away from the transect line. There was no evidence of tags or tumors present on this turtle. No
other turtles were scen in the February 2003 survey fronting the North Beach project site. In the
September 2003 survey one small turtle (~45 cm straight-line carapace length) was seen adjacent
to Station B and a second turtle (~60 cm straight-line carapace length) was encountered just
inshore of Station C. Neither of these turtles appeared to have any tumors or tags.

In the January 2004 survey, two green turtles were seen in the waters fronting the North Beach
project site. Both of these were seen offshore of the public park at the south end of the project
site. One individual had an estimated straight-line carapace length of 50 cm and the second was
estimated to be about 60 em. The 15 March 2004 survey again noted two turtles approximately
the same size (between 50 to 60 cm); one individual was seen seaward of the north biological
station (site 1) and the second adjacent to biological station 3 offshore of the park. The August
2004 survey noted a single (~50 cm) turtle offshore of the beach park. On 15 February 2005 a
single green turtle (~75 cm) was seen offshore of the beach park. This turtle was resting adjacent
to the transect and there was no evidence of any tumors or tags on this individual.

The 4 August 2005 survey noted three green turtles; one individual (about 50 cm carapace
length) was seen at the north transect site resting on the bottom at 0900 hours, a second
individual (estimated carapace length = 55 cm) was encountered just shoreward of the transect at
about 1045 hours and the third individual (~60 cm carapace length) was seen at 1130 hours
adjacent to the south transect. All turtles were resting on the bottom and none appeared to have
tags or visible tumors.

The 28 February 2006 survey noted two green turtles present at the southern transect site at
about 1100 hours. One individual was seen resting on the bottom (estimated straight line
carapace length ~60 cm) and a second individual was encountered on the surface (up for air)
nearby. This second individual had an estimated carapace length of about 50 cm. There were no
apparent tags or tumors on either turtle. In the 29 August 2006 survey two turtles were again
seen on the bottom at Station 3 at about 1130 hours. Both of these turtles appeared to be free of
tags or tumors and both were juveniles (i.e., estimated straight-length carapace lengths of 50 and
60 cm). A third turtle was seen on the surface near the middle transect at about 1015 hours
having an estimated straight-line carapace length of 60 cm.

In the 13 February 2007 survey two juvenile green turtles were seen. The first was seen just

seaward of the middle transect site (station 2) at about 1000 hours. This turtle had an estimated
straight-line carapace length of 45 cm. Later at about 1230 hours, a second turtle (approximately
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50 cm) was seen adjacent to the southern transect (station 3). This turtle was resting on the
bottom about 6-8 m seaward of the transect on the coral. Both of these turtles appeared to be free
of any tags or obvious tumors. In the 14 August 2007 survey only one small green turtle was
seen; this turtle was found resting on the substratum adjacent to the southernmost quantitative
station at about 1200 hours having an estimated carapace length of 50 cm. It is surmised that this
turtle is the same individual as seen at the same resting area in the February 2007 survey (above).

The 19 February 2008 survey noted one juvenile green turtle seen on the transect offshore of
Kahekili Beach Park at approximately 1030 hours. This turtle had an estimated straight-line
carapace length of 45 cm, did not appear to have any tumors or tags, was resting on the coral just
seaward of the transect and very well may be the same individual seen in the same area on
previous surveys. A similar-sized (~45 cm straight-line carapace length) turile was encountered
near the transect offshore of Kahekili Beach Park on 20 August 2008. In this case, the turtle was
swimming in a north direction and was just seaward of the transect line. This may be the same
individual turtle seen previously,

In the 17 March 2009 survey only one green turtle was seen; this individual had an estimated
straight-line carapace length of 45 cm and was noted swimming in a northerly direction at the
station offshore of Kahekili Beach Park and again, may have been the same individual seen in the
same general area on previous surveys. Finally in the August 2009, April and November 2010
surveys no green turtles were seen during the field work.

All turtles seen to date have been encountered in areas where considerable cover is present.
As noted above, a diversity of algae or limu is present in shallows fronting the North Beach site,
thus their presence is not surprising. Previous survey work at Honokowai just north of the North
Beach project site is a well-known green turtle resting and forage area (Brock 1992). This area is
not surveyed under the present monitoring program.

It should be noted that the endangered humpback whale (Megaptera novaeangliae) is
known to frequent island waters in their annual migrations to Hawaiian wintering grounds. They
normally arrive in island waters about December and depart by April. In general their
distribution in Hawaii appears to be limited to the 180 m (100 fathom) isobath and in shallower
waters (Nitta and Naughton 1989). Whales were occasionally seen well seaward of North Beach
but more often their songs could be heard underwater during the February 2001, February 2002,
February 2003, March 2004, February 2005, February 2006, February 2007, February 2008,
March 2009 and April 2010 surveys; not surprisingly, whales were not seen or heard during the
August 2001, August 2002, September 2003, August 2004, 2005, 2006, 2007, 2008 2009 or
November 2010 surveys.

A small (~25 individuals) pod of spinner porpoise (Stenella longirostris) was seen seaward of
station 2 on 4 August 2004 (1100 hours). These porpoises were moving in a northerly direction
and were about 50 m seaward of our field sampling activities. This is the first time we have
encountered spinner porpoises offshore of the North Beach project site.
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H. Statistical Results - Marine Communities

Table 14 presents a summary of the biological data collected to date at all stations. It should
be noted that up to August 2004, the full suite of biological parameters were measured only once
during an annual period (in February/March) and only the parameters concerned with measuring
change in the algal communities were carried out with every biannual survey (i.e., in February
and August; see Table 13). This accounts for the apparent lack of biological data in the early
August surveys in Table 14 relative to the February surveys where all parameters are measured.
However, as noted above, all biological parameters are being measured on every survey
commencing with the August 2004 field sampling.

The question “Has there been any significant changes in the means of the biological
parameters measured on each of the twenty surveys?” is addressed using the Kruskal-Wallis
ANOVA as well as the Student-Newman-Keuls Test (SNK Test) to detect these differences. As
noted above, the Kruskal-Wallis ANOVA is used to detect significant differences in the
measured biological parameters over the different sample dates but it will not separate those
dates that differ from one another. Within a parameter, the SNK Test will group sample dates
that are not statistically different from one another and separate those groups which are. The
results of these analyses are given in Table 15. Referring to Table 15, only the parameters
measuring the algal community (number of species, percent cover and biomass) showed any
significant differences over the period of this study. As noted above, these differences are related
to seasonal factors (summer warm water and longer daylight favors algal growth relative to
winter surveys) as well as to occasional high surf prior to sampling which breaks off algal fronds
(thalli} reducing coverage and biomass. Nowhere in the algal coverage or biomass data is there
any evidence of increasing coverage or biomass with the passage of time. As given in Table 15,
all other marine community measures (i.e., number of coral species, percent coral cover, number
of fish species, number of fish individuals, fish biomass, number of invertebrate species or the
number of invertebrate individuals) show no significant change through time. Thus, there has
been no statistically significant changes in the coral, macroinvertebrate or fish communities as
measured in the waters fronting the North Beach project site in the February 2001 through
November 2010 period at the permanently marked transect sites. As noted above, the significant
changes seen in the algal community are related to physical and seasonal factors and not to the
development occurring on the North Beach parcel.

I. Impact of Development on Water Quality and Marine Communities

The statistical tests utilized in this study are non-parametric thus avoiding some of the
assumptions (normality, homogeneity of variances, etc.) that must be made or corrected for with
the use of parametric statistics. These analyses did find significant differences in the means of
water quality parameters when comparing the means from stations fronting North Beach to those
from the Kahoma control stations (Wilcoxon Two Sample Test). In all cases where significant
differences exist, the means of parameters were significantly greater at control stations over
stations fronting the development except for the percent saturation of dissolved oxygen, salinity
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Table 15. Results of the Kruskal-Wallis ANOVA comparing the means of the biological parameters for twenty sample periods
collected at stations fronting the North Beach project site addressing the question "Are there significant differences in the means
from each survey period?" These results (significance} are shown next to the parameter name with any P value less than P>0.05
being significant. SNK test resuits are shown below thus separating out which survey period means differ significantly from
others. In this case, boldface letters with the same designation show means and sample dates that are related; changes in letter
designation show where significant differences exist. Overlaps in the letters indicate a lack of significant differences and in
such cases, only the extremes may be significantly different. Note that the table continues on the next page.

Quadrat No. of Algal Species Percent Algal Coverage
[P < 0,002, significant] [P>0.10,ns.]
Aug-01 9.67 A Aug-01 1163 A
Aug-02 7.33 A B Sep-03 6.47 B
Feb-02 6.00 B C Aug-02 5.27 B
Feh-01 6.00 B C Aug-07 4.2 B
Feb-03 5.67 B C Feb-07 3.87 B
Aug-08 5.33 B C Aug-06 3.7 B
Aug-05 5.33 B C Feb-02 3.60 B
Sep-03 4.67 B C Aug-09 3.50 B
Aug-09 4.33 B C Aug-08 3.27 B
Aug-04 4.00 B C Aug-05 3.07 B
Apr-10 3.33 Cc Feb-01 2.70 B
Feb-07 333 C Feb-03 2.70 B
Feb-08 333 C Feb-08 207 B
Feb-06 3.33 C Mar-09 1.77 B
Aug-07 333 C Nov-10 170 B
Feb-05 3.00 C Feb-05 1.53 B
Nov-10 2.67 C Aug-04 1.23 B
Aug-06 2.67 c Mar-04 117 B
Mar-09 2,67 C Apr-10 1.00 B
Mar-04 2.00 C Feb-06 0.83 B
Algal Biomass (g/m32) Number of Coral Species
[P < 0.0001 significant} [P>0,81,ns]

Aug-02 8.55 A Apr-10 7.67 A
Aug-01 5.62 A B Aug-09 6.33 A
Sep-03 4.72 A B Nov-10 6.33 A
Aug-04 4,65 A B Aug-04 6.00 A
Feb-02 4.37 A B Aug-05 6.00 A
Aug-05 3.92 A B Feb-01 6.00 A
Feb-03 3.82 A B Feb-06 6.00 A
Feb-05 2.87 B Aug-06 5.67 A
Aug-06 2.53 B Feb-62 5.67 A
Feb-01 2.37 B Feb-05 5.67 A
Apr-10 175 B Mar-09 5.67 A
Feb-07 1.68 B Feb-08 5.67 A
Mar-09 1.65 B Sep-03 5.67 A
Aug08 1.65 B Mar-04 5.67 A
Mar-04 1.56 B Feb-07 533 A
Aug-07 1.38 B Aug-07 5.33 A
Feb-08 1.37 B Aug-08 533 A
Aug-09 1.27 B Feb-03 5.00 A
Nov-10 0.55 B

Feb-06 0.35 B
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Table 15. Centinued.

Percent Coral Cover Number of Fish Species
[P>0.88n.5.] {P=0.82,ns]
Feb-06 39.8 A Aug-09 28.0
Feb-01 390 A Aug-06 26.7
Aug-01 382 A Aung-07 24.3
Aug-09 37.8 A Aug-08 24.0
Feb-05 36.4 A Feb-07 24.0
Feb-08 339 A Aug-05 233
Nov-10 33.6 A Feb-06 233
Apr-16 335 A Sep-03 227
Mar-04 333 A Nov-10 223
Mar-09 332 A Apr-10 213
Sep-03 323 A Feb-05 21.0
Aug-06 309 A Feb-01 21.0
Aug-02 30.5 A Mar-04 203
Feb-02 294 A Feb-08 18.7
Aug-08 289 A Feb-03 18.0
Aug-07 288 A Mar-09 17.3
Aug-04 28.7 A Feb-02 153
Feb-07 283 A Aug-04 153
Aug-05 215 A
Feb-03 260 A
Number of Fish fndividaals Fish Biomass (g/m2)
[P>0.19,ns] [P=0.73,n5.]
Aug-06 293 A Feb-01 402
Aug-07 287 A Aug-07 392
Aug-09 237 A Aug-06 357
Feb-07 228 A Feb-06 255
Feb-06 219 A Feb-03 241
Feb-01 193 A Feb-05 213
Aug-08 181 A Mar-09 191
Nov-10 174 A Feb-07 186
Feb-03 168 A Aug-09 168
Aug-08 153 A Nov-10 145
Sep-03 153 A Sep-03 144
Mar-09 143 A Aug-0d5 133
Feb-05 136 A Aug-08 120
Apr-10 13t A Feb-08 98
Feb-08 124 A Mar-04 93
Mar-04 117 A Apr-1¢ 63
Aug-04 86 A Feb-02 51
Feb-02 77 A Aug-04 47
Number of Invertebrate Species Number of Invertebrate Individuats
[P>0.29,n.5.] [P=>007,ns]
Apr-10 11 A Apr-10 206
Feb-08 11 A Aug-06 174
Aug-06 it A Feb-07 173
Aug-08 11 A Aug-07 172
Feb-03 11 A Feb-08 163
Aug-09 10 A Aug-09 158
Nov-10 10 A Aug-08 158
Feb-06 10 A Mar-09 150
Mar-09 10 A Aug-05 139
Aug-05 9 A Nov-10 133
Aug-07 9 A Feb-05 130
Feb-07 9 A Feb-06 127
Feb-05 9 A Feb-01 123
Sep-03 9 A Mar-04 108
Feb-02 8 A Sep-03 M
Feb-(1 8 A Aug-04 93
Aug-04 8 A Feb-03 i3
Mar-04 8 A Feb-02 69
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and pH where all of the differences were trivial and of no biological consequence.

A combination of the Kruskal-Wallis ANOVA and the SNK Test were used to compare the
means of water quality parameters for samples collected offshore of the North Beach site by the
twenty-six sample dates (February 2001 through November 2010). Significant differences exist
among sample dates for all parameters. However, in no case were the means from the most
recent survey (November 2010) significantly greater without overlap with the means from other
survey periods at stations fronting the development except for the parameter temperature where
the November 2010 mean was significantly greater than 13 other dates; these differences are due
to seasonal changes and nothing more. There is no evidence of increasing mean concentrations
of any parameter with time as would be expected with the continuing efflux of groundwater
carrying treated sewage effluent to the sea if the latter input was increasing as would be expected
with the continued growth of Lahaina’s population. Furthermore, the means for all parameters in
the November 2010 survey were well within the normal ranges encountered in Hawaiian coastal
waters and most of them were in the lower half of the ranges encountered thus far at stations
fronting the development.

However, the last wet period survey carried out following the 12.0-inch rainfall event in
December 2007 did find the means for four parameters (nitrate nitrogen, ammonia nitrogen,
orthophosphorous, and turbidity) to be either the highest or second greatest recorded to date at
sample sites fronting the North Beach project site and two of these means (ammonia nitrogen and
turbidity) were significantly greater than those from all other survey dates at stations fronting
North Beach (Table 5).

Carrying out the same analysis for samples collected at the Kahoma control stations over the
twenty-six surveys, we again find that the means of all parameters to be significantly different
among the twenty-six sample dates (Table 6). Other than the parameters ammonia nitrogen and
salinity, all November 2010 means for all parameters were in the mid to lower half of the range
encountered over the twenty-six survey periods fronting the control sites. In the case of ammonia
nitrogen, the November 2010 mean was not significantly different from 25 of the 26 sample date
means due to overlap; the April 2010 mean which was significantly greater than all others at
control stations.

With respect to data from the December 2007 high rainfall survey at control stations, the
December 2007 means for nitrate nitrogen, total nitrogen, orthophosphorous, total phosphorus,
silica and turbidity were either the highest or second greatest recorded to date which suggests
greater input fronting the control stations relative to North Beach/Kahekili. These higher values
in the December 2007 survey at both control stations and stations fronting North Beach are
undoubtedly due to the runoff associated with the high rainfall.

Despite the above statistical differences, the means encountered here are well-within the

normal range seen in Hawaiian coastal waters and have no wnusual long-term biological impact.
As noted above, the greatest parameter means are found at control sites rather than sites fronting
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the North Beach development except for (1) salinity which was 0.718 ppt greater offshore of
North Beach, (2) percent saturation of dissolved oxygen where the North Beach mean is
significantly greater (by 2 ppm) over the control site mean and (3) pH (North Beach = 8.14 units,
control = 8.30 units). These statistical results again confirm that construction/maintenance
activities on the North Beach parcel are not the source of materials that result in elevated
readings but the source(s) are from inputs occurring along the entire coastline, not something
differentially happening at North Beach. Furthermore, these results suggest that despite a
confirmed input of treated sewage effluent in the waters fronting North Beach/Kahekili Beach
Park coming from the Lahaina WWTP, the measured concentration of nutrients offshore of
North Beach/Kahekili Beach Park are less than those measured offshore of the Kahoma control
station with no WWTP input occurring. Comparing the parameter means for each survey
between sites fronting North Beach/Kahekili against the control site, many of the survey dates arc
identical or are very close in their rankings of parameter means which supports the contention
that if a measured parameter is elevated at sites fronting the development, this same parameter
will be elevated (often to a greater degree) at the control sites. This relationship suggests that
changes measured in the water quality parameters in this study are coast-wide and are not
differentially impacted by the development or the known input of treated sewage effluent at
North Beach.

The well data from the North Beach site suggest the sources of inorganic nutrient input as
measured along the North Beach/Kahekili study area is coming from land. In general and
throughout this monitoring program, the concentration of measured parameters is greater in the
mauka (inland) wells than seen in the makai (seaward) wells and conversely salinities tend to be
greater in the makai wells. The measured concentrations of ammonia nitrogen are relatively high
in some of the well samples which is probably due to the low dissolved oxygen concentrations
which are related to low porosity of the substrate in which the monitoring wells are drilled; the
ground watertable in most wells appears to be situated in fine terrigenous material which
impedes water flow and gas (oxygen) exchange. The most relevant trends are first the relatively
high concentrations of nitrate nitrogen, total nitrogen, orthophosphorous and total phosphorus
that are sporadically present in the south inland well relative to the wells located further north.
However, nutrient spikes have also been encountered {once) in the north mauka well, thus these
fluctuations are not only occurring in the south wells. This finding is similar to what has been
encountered in monitoring well data from other coastal Hawaiian sites thus reflecting a high
degree of variability, In the case of North Beach, the overall nutrient concentrations are
particularly elevated in the south mauka well (no. 6) and to a lesser degree in the south makai
well (no. 5) as well as the middle makai well (no. 4). This elevation of concentrations is most
probably due to the development located mauka and south of the project site where about 1 mgd
of treated effluent from the Lahaina WWTP is used for irrigation. In proximity to the ocean,
Kahekili Beach Park may also be a source of materials measured in the ocean. The monitoring
well data to date do not strongly support a simple flow of treated effluent from the Lahaina
WWTP injection wells to the North Beach/Kahekili shoreline. The data suggest that application
of treated wastes used for irrigation south and inland of North Beach/Kahekili may be the
important source of materials measured by Hunt and Rosa (2009} or alternatively, the injected
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materials do not rise to the surface layer of the seaward flowing groundwater (where we would
sample them) until moving several hundred meters away from the point of injection. Finally, it
should be remembered that the measured concentrations in the wells has been elevated since the
commencement of this monitoring program. Thus the elevated concentrations are due to
activities not associated with the development of the North Beach parcel, but coming from
activities occurring mauka of North Beach.

In summary, these data suggest that (1) there is no temporal aspect to the increase or decrease
in measured mean parameter concentrations and (2) when a parameter increases or decreases at
sites fronting North Beach/Kahekili, we find a similar but usually greater increase or decrease at
the Kahoma control sites supporting the contention that changes in water chemistry parameters
are occurring on a coast-wide basis. If construction and maintenance activities were impacting
the quality of adjacent marine waters at the scale used in this monitoring program, one might
expect that as construction proceeds, the impacts would increase and gradients of concentration
should become more evident. Similarly as Lahaina’s population has grown, the volume of
treated effluent injected or distributed for irrigation has also grown. Under these conditions, one
would expect that the escape of treated effluent to the adjacent marine receiving waters would
increase and concentrations of measured nutrients would increase with the passage of time.
However, the statistical comparisons of data collected since 2001 do not support this hypothesis.

- Furthermore, the salinity depression as measured adjacent to the shoreline fronting North
Beach/Kahekili suggests that groundwater flow containing the treated effluent is low relative to
many West Hawai’i locations and it has not shown any increase with time which would be
expected with the increasing volume of injected wastes treated at Lahaina WWTP,

A logical hypothesis to explain the lack of increase in nutrients fronting North
Beach/Kahekili is that the majority of the inputs are diffuse in the receiving waters and spread
over a large area offshore of the Lahaina WWTP thus changes are not evident at the sampling
scale used in this monitoring program. Diffuse inputs are often difficult to discern because of
local uptake, dilution and mixing. The uptake of materials from diffuse inputs may not result in
a simple evident change in the biota because they may constitute a small volume relative to the
volume of the receiving water. The high local concentrations of nutrients and lower salinities as
measured by Hunt and Rosa (2009) are not unexpected because they were made directly in the
smali-scale plumes of effluxing groundwater. However, due to dilution, mixing and uptake,
sampling at larger scales as used in the present monitoring program finds concentrations that are
not particularly elevated. From the standpoint of community dynamics and impact, it is these
larger scales that are most relevant. At the sampling scales used, the monitoring program has not
found any evidence of an increasing impact to the input of treated effluent from the Lahaina
WWTP on the biota.

The analysis of biological data collected at permanently marked stations since 2001 have not
shown any significant change except with the algae. Mean algal biomass, coverage and the mean
number of algal species have all shown significant change through time. These changes are
related to seasonal changes with summer favoring algal growth due to longer daylight and
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warmer temperatures relative to winter months. However, occasional high surf serves to modify
algal communities in the shallows fronting the North Beach project site. Storm waves break
algal fronds (thalli} loose leaving only the holdfasts of the plants thus reducing standing crop and
coverage. Sampling following high surf accounts for these statistical differences found in this
study. The algal data collected in this monitoring program show that the large majority of the
species found over the last ten years are native and not the invasive non-native species that have
been a problem along many Maui beaches. Throughout the ten years of this monitoring program,
native species have been the most abundant and dominant in both coverage and biomass
measures. The algal data to date do not suggest a growing problem with nuisance non-native
species and high standing crops as occurs in the nearshore waters along some Maui beaches. All
other biological parameters measured in this study (mean coral coverage per transect, mean
number of coral species per transect, mean number of fish species per transect, mean number of
individual fish per transect, mean fish biomass per transect, mean number of invertebrate species
per transect, the mean number of invertebrate individuals counted per transect) show no
significant change through time. Thus, there has been no statistically significant changes in the
coral, macroinvertebrate or fish communities and those seen in the algal communities are
probably the result of physical disturbance (waves) and/or seasonal changes as measured in the
waters fronting the North Beach project site in the February 2001 through November 2010
period.
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APPENDIX 1. Results of the quantitative visual censuses of fishes conducted at three locations
offshore of the North Beach project site on 16 November 2010, Each entry in the body of the table
represents the total number of individuals of each species seen; totals are presented at the foot

of the table along with an estimate of the standing crop {(g/m2) of fishes present at each location.

Family and Speeics

Station Number

1

2 3

AULOSTOMIDAE
Aulostomus chinensis

MULLIDAE

Mulloides flavolineatus
Parupeneus pleurostigma
Parupeneus cyclostomus
Parupeneus multifasciatus

CHAETODONTIDAE
Chaetodon lunuia

POMACENTRIDAE
Dascyllus albisella
Abudefduf abdominalis
Abudefduf sordidus

Plectroglyphidodon johnstonianus

Chromis vanderbilti
Chromis hanui
Stegastes fasciolatus

CIRRHITIDAE
Paracirrhites arcatus

LABRIDAE

Cheilio inermis

Labroides phthirophagus
Pseudocheilinus octotaenia
Thalassoma duperrey
Gomphosus varius
Stethojulis balteata
Halichoeres ornatissimus

SCARIDAE
Calotomus carolinus
Scarus dubius
Scarus psitiacus

ACANTHURIDAE
Aecanthurus Iriostegus

11
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= b —
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APPENDIX 1, Continued,

Family and Specics Station Number

1 2 3
ACANTHURIDAE
Acanthurus leucopareivs 5 25
Acanthurus nigrofuscus 34 21 3
Acanthurus nigroris 65
Acanthurus blochi 7 4
Acanthurus olivaceus 14 12 6
Acanthurus dussumieri 3 1
Clenochaetus strigosus 20
Crenochaetus hawaiiensis 1
Zebrasoma flavescens 27
Naso lituratus 3
Naso unicornis 1 4
Naso brevirostris 22 9
BALISTIDAE
Rhinecanthus rectangulus 3 2
Melichthys niger |
Melichthys vidua 2
Sufflamen bursa 1
MONACANTHIDAE
Cantherhines dumerili 1
Cantherhines sandwichiensis i 1
TETRAODONTIDAE
Canthigaster jactator 2 6
Number of Species 18 23 26
Number of Individuals 136 141 245
Biomass (g/m2) 922 1346 208.2
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E. Chen
08/01/12

From: Wendy Wiltse [ mailto:Wiltse.Wendy@epamail.epa.gov]
Sent: Tuesday, July 31, 2012 5:36 PM

To: Nancy Rumrill; Chen, Edward

Cc: Chang, Daniel H; Hudson Slay

Subject: Fw: Kaanapali Wells

Nancy and Ed,

As you requested, | am attaching a Kahekili/Kaanapali West Maui
Monitoring Report by Dr. Dick Brock. The report includes data from 4
groundwater wells that are makai (seaward) of the Lahaina injection
wells. Dr. Brock's monitoring is a condition of the SMA permit for
developments at Kaanapali. Apparently there are years of data in the
county files.

Bob Whittier from UH was seeking permission to collect more data from
those makai wells, but | have not heard if he was successful. Dan
Chang may know.

Let me know if you have further questions.
Wendy

Wendy Wiltse, Ph.D.

EPA-PICO

300 Ala Moana Blvd. Box 50003

Room 5-152

Honolulu, HI 96850

Phone: (808) 541-2752

FAX: (808) 541-2712

————— Forwarded by Wendy Wiltse/R9/USEPA/US on 07/31/2012 08:30 PM -----

From: Wendy Wiltse/R9/USEPA/US
To: Robert Whittier <whittier@hawaii.edu>,

Cc: Daniel.Chang@doh.hawaii.gov, Hudson Slay/R9/USEPA/US@EPA
Date: 05/23/2012 08:06 PM

Subject: Re: Kaanapali Wells

Bob,

It would be great if you could obtain groundwater nutrient samples from



mailto:whittier@hawaii.edu

mailto:Daniel.Chang@doh.hawaii.gov



existing wells makai of the Lahaina WRF. Dick Brock does alot of
consulting in Hawaii on marine water quality and biota. He mentioned
his Kaanapali monitoring to me in a meeting recently and EPA obtained
a copy of his recent report from a hotel manager at Kaanapali. The
resorts are required by a 1998 SMA permit to conduct monitoring at
Kaanapali. | am attaching a few pages from the Brock report that
contain his address, the location of 6 groundwater wells near the beach
at Kahekili/Kaanapali, and a description of the difficulties he has had
relocating and sampling the wells. | expect you could google Dick to
get his phone/email, or | beleive his wife works in Zoology at UH (Dr.
Julie Bailey Brock). | do not have his contact info. Y ou would likely
also need to get permission to sample the wells and Dick should be
able to tell you who to contact for permission.

Wendy

Wendy Wiltse, Ph.D.

EPA-PICO

300 Ala Moana Blvd. Box 50003

Room 5-152

Honolulu, HI 96850

Phone: (808) 541-2752

FAX: (808) 541-2712 [attachment "kaanapali001.PDF" deleted by Hudson
Slay/R9/USEPA/US]





